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SIR JAMES MACKENZIE 
1853-1953 


IAN STEVENSON, M.D. 


NEW ORLEANS, LA. 


oo physician concerned with the advance of medicine will be interested 
4 this year in the centenary of Sir James Mackenzie who did so much to pro- 
mote that advance. Mackenzie was in a very real sense the first modern clinical 
investigator to apply the methods of science at the bedside. Many medical men 
before him had worked fruitfully with animals in laboratories and a number, 
such as Bright and Beaumont, had made important physiologic observations on 
human subjects. Mackenzie, however, was the first physician to dedicate him- 
self wholeheartedly to clinical investigation, the first to make of it a life work. 
Those who have done this since are greatly indebted to his leadership. It is 
timely to review his life and work in order to enrich our own. 

The outward circumstances of Mackenzie's early life deserve a brief recount- 
ing because of the shape they gave his personality. Mackenzie was born in 1853 
in the town of Scone in highland Perthshire, Scotland. His father was a tenant 
farmer who succeeded and even prospered during a’ period of crop failures and 
general depression in farming. From him, no doubt, Mackenzie acquired some 
of the perseverance in adversity which distinguished him later. The stock was 
certainly capable of generating greatness. One of Mackenzie's brothers, who 
became Sir William Mackenzie and later Lord Amulree, was a lawyer hardly less 
notable in his profession than Sir James Mackenzie in his. A third brother was 
a widely known and much beloved minister. 

Mackenzie received his early education in the schools around Scone, chiefly 
in the celebrated Perth Academy. The schools of Scotland, then, as many schools 
still do, attached undue importance to feats of memory and gave little opportunity 
for the exercise of reasoning and understanding. By these standards Mackenzie 
was judged an indifferent scholar and for many years accepted this opinion of 
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himself. And accepting it, he at first confined his ambitions to becoming a phar- 
macist. Soon he was stimulated by the company of the doctors in Perth to under- 
take the study of medicine himself, and so enrolled in the medical school of 
Edinburgh University. In the medical school the focus of learning was again on 
memory rather than on reasoning and understanding. Mackenzie was beset by 
the same feeling of incompetence which he had previously experienced. Although 
he did much better than average in his studies, he was graduated with a reinforced 
conviction of his own intellectual inadequacy. He had some aspirations to a 
career of teaching and research, but he felt himself unequal to such heights. After 
serving a year as a resident physician at the Edinburgh Royal Infirmary, he ac- 
cepted an offer in 1879 of an assistantship to two general practitioners in the town 
of Burnley, Lancashire. There he spent the next twenty-eight years of his life 
engaged in a busy general practice. 

Mackenzie was evidently moved by the highest professional ideals, and when 
any of his patients became worse or died, he attributed this to his own ignorance. 
He became particularly impressed by his ignorance of prognosis, and his inability 
to pick out the important signs of danger from a miscellany of symptoms. Search- 
ing through the available textbooks and medical journals of the day, he dis- 
covered to his astonishment that the information he sought was not even known 
to others. Indeed there seemed little curiosity about such knowledge. The 
tradition of the day taught the physician to be preoccupied with structural 
changes but not with the subtler disturbances of function which are the earliest 
indications of more serious trouble. 

Out of this frustration and helped by his insatiable curiosity, Mackenzie 
began to observe his patients with a view to distinguishing the more from the 
less significant signs and symptoms. He reasoned that, if he followed his patients 
long enough, he would be able to correlate their symptoms and signs with their 
prognoses. The magnitude of this task soon obliged him to restrict himself largely 
to disorders of the cardiovascular system which thereafter became the center of 
his interest. In the midst of a busy general practice, he collected a mass of data 
from his own examinations of large numbers of patients studied over many years. 
He utilized whatever technical tools he could and even invented a new recording 
instrument—the polygraph—which could make simultaneous records of arterial, 
cardiac, and venous activity. It was characteristic of the age, but not a part of 
Mackenzie, that he became more famous for his polygraph than for the informa- 
tion which he was seeking with it. That information came to him slowly over the 
vears, but in the end it came in abundance. With it Mackenzie wrought a revolu- 
tion in cardiology. 

To understand the magnitude of this revolution one need only recall that 
sinus arrhythmia and auricular extrasystoles were, prior to Mackenzie's work, 
treated as signs of grave import demanding drastic restriction of activities and 
even a life of invalidism. Mackenzie's long-term studies of his patients demon- 
strated that these signs were not followed by any serious heart disease and that 
they were, in fact, harmless. On the other hand, he was able to point out the 
serious significance of pulsus alternans and of the arrhythmia now known as 
auricular fibrillation. He showed that in the latter condition the auricle is useless, 
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(although it is not, as he thought, paralyzed); and he pointed to the danger to 
health during auricular fibrillation when the ventricular rate becomes rapid and 
ventricular function ineffective. He was the first physician to achieve an under- 
standing of the arrhythmias based on physiologic knowledge. 

He similarly extended our information on the significance of different mur- 
murs. The integration of the different lines of Mackenzie’s work was dramati- 
cally demonstrated by his observations on one of his patients with rheumatic 
heart disease whom he followed for many years. One day when he was called to 
see this patient, he found that there had occurred simultaneously a disappearance 
of the @ wave in the jugular pulse and of the presystolic murmur, while the 
ventricular rate had become rapid and the general condition much worse. This 
was the beginning of Mackenzie's understanding of auricular fibrillation. Mac- 
kenzie would want it remembered today that the insight which he achieved 
from the examination of this patient came only because he had examined her on 
many occasions Over many years. 

The clarification of the arrhythmias and murmurs was not Mackenzie's 
only contribution to cardiology. After Stokes, he was the first physician to draw 
attention to the primary importance of the state of the cardiac muscle in prog- 
nosis. He pointed out that signs of inadequacy are first revealed when an organ 
is under stress and its reserves are called into play. He established the response 
to effort as an index of these reserves. He thus became the great modern expo- 
nent of the forward failure theory of congestive failure. 

His contributions to therapy were hardly less notable than those to clinical 
physiology. His most important modification of therapy arose from his better 
understanding of the significance of different signs and symptoms. Thus he was 
able to free many patients from unnecessary restrictions of activity which had 
been imposed on them by other physicians. And he was equally able to warn 
other patients that a decline in their cardiac reserves warranted restriction of 
exercise within the bounds of comfort. In addition, he revived the use of digitalis 
which had become neglected in British medicine at this time. He demonstrated 
its particular value in slowing the rapid ventricles in auricular fibrillation and 
clarified the indications for its use. 

All this work and much else Mackenzie published throughout the middle 
vears of his life. At first many of his articles were rejected by editors of medical 
journals because the facts he cited were too contrary to current theories. In 1902 
he published The Study of the Pulse and with this his fame began to spread. The 
extraordinary diagnostic and prognostic acumen which he exhibited had already 
won him a large consulting practice around his section of Lancashire. But now, 
slowly, some leaders of the medical profession began to interest themselves in his 
studies. These at first were from abroad, and it was in Germany that his views 
on the arrhythmias and heart failure were first widely accepted. It is said that 
some German physicians who came to a meeting of cardiologists in England 
were annoyed when they did not find Mackenzie there and left the meeting to 
visit him. In the ensuing years they were gradually followed by a few and then 
by more and more of Mackenzie’s British colleagues as they learned about the 
richness of his experience and his remarkable powers of observation. 
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Throughout his life Mackenzie felt an understandable urge to place his 
studies before a larger public. To this end he published much. But in 1907 at 
the age of fifty-four he resolved to move from Burnley to London and there seek 
to widen his influence through the big hospitals and medical schools of the 
metropolis. The step was a bold one and at first it seemed fraught with failure. 
Mackenzie earned barely £100 during his first year in London. The next year, 
1908, he published his Diseases of the Heart. This work contained a distillate of 
his long years of observations of cardiac patients. It provided a summary of the 
evidence on which he based his prognosis and his treatment, both so different 
from those prevailing. The book took hold rapidly so that Mackenzie's practice 
increased and he was soon much in demand. Over the next fifteen years, other 
papers and books followed, such as his great monograph Angina Pectoris and the 
classical Symptoms and Their Interpretation. He also made significant contribu- 
tions to the study of pain. Many honors came to him and were culminated in 
a knighthood. 

Despite his undoubted success in London, Mackenzie remained unsatisfied 
with his work on two counts. In the first place, he became increasingly aware 
that fame had come to him for what he considered his less important work, 
namely his technical discoveries. This was in keeping with the mood of the time. 
Everywhere there was enthusiasm for new technical aids in medicine. The inven- 
tion of the electrocardiograph by Einthoven and its clever exploitation by Lewis 
captivated the medical world. Mackenzie almost alone at this time penetrated 
beyond the usefulness of these aids to see that they did not, that nothing ever 
could, replace the need for careful study of the individual patient as a whole. 
Secondly, it had always been part of his plan to search for underlying principles 
which apply throughout the whole of medicine. He had confined himself largely 
to cardiology because the wealth of observations to be made precluded his study- 
ing a larger field. But he had done so reluctantly and, in fact, only partially. 
He had always maintained a keen curiosity about events in all organs of the body. 
And he felt that the necessity of specializing had largely cut him off from the 
wider observations which would have permitted him to generalize about the 
principles of medicine. 

Ruminating about these problems—the acceptance of his discoveries, but 
not of his ideas and methods, and his wish to seek the basic principles of medicine 

Mackenzie resolved to return to general practice. He had always known that 
sick people come first to general practitioners and that the latter have therefore 
an unequalled opportunity for the study of the early signs of illness. Theirs is 
an opportunity denied the specialist who usually sees only advanced cases, yet 
this opportunity is all too little used for research which could be extracted from it. 
Mackenzie had used this opportunity richly before, and now he felt he must 
return to it for the attainment of his goal. And so, with courage verging on rash- 
ness, and at the advanced age of sixty-five, he closed his office in Harley Street 
and went to the Scottish university town of St. Andrews. For his ideal he left a 
consulting practice worth £8,000 annually. He chose St. Andrews because it is a 
small town with a settled population so that patients could be easily followed over 
many years; it had, in addition, the facilities of a university medical school. In 
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St. Andrews he enlisted the assistance of the practitioners of the town and of 
some of the university staff and began a systematic study of the early signs and 
symptoms of all illnesses. He hoped to extend his study of the significance of 
symptoms to other organs besides the heart and to search for ever earlier (and 
more treatable) appearances of serious disease. The colleagues who joined him 
worked energetically at this task, constantly illuminated by the vigor and enthu- 
siasm of Mackenzie himself. 

Although Mackenzie had for many years suffered from angina pectoris and 
became increasingly its victim during this period, he labored on without stopping. 
He made frequent trips around the country in order to earn large consulting fees 
which he used to subsidize the work of the St. Andrews Institute for Clinical 
Research. Before his death the work of the Institute had already shown not 
merely promise but sound results. The proceedings of the Institute can be read 
with profit today, not because their information is necessarily topical, though 
much of it still is. Rather they are profitable reading because of the method 
which they demonstrate, the method of patient watching, waiting, and studying, 
and because of the ideal to which they are dedicated, the discovery of the funda- 
mental principles of medicine. Mackenzie himself summarized those principles 
which he felt to be established with sufficient security in a slender volume called 
The Basis of Vital Activity. This little book reached the public only after his 
death as a sort of a posthumous gift to those who wished to share his quest. 

That these principles were not merely isolated speculations was demon- 
strated by Mackenzie in his last revision of Diseases of the Heart. For this edition 
he completely tore down the old structure and rewrote the book to incorporate 
the newer knowledge he had achieved from his wider work. The result is indeed 
an extraordinary volume, a medical textbook in which the problems of one organ 
are related to general principles of health and disease. Though there have been 
many advances in cardiology since this publication, there has been no advance 
in the integration of cardiology with medicine which has carried us beyond this 
great work. 

Unfortunately after Mackenzie's death, which came in 1925, the work of the 
Institute at St. Andrews, without his inspiration, weakened and finally perished. 
The ideals for which he stood became embodied not in an institution, but in the 
minds of those who have studied his remarkable career. 

Krom all accounts it appears that Mackenzie was, to use the simplest lan- 
guage, both a great and good man. Few physicians have ever given so much of 
themselves to their patients, and it is certain that none have done so while at the 
same time carrying out first-rate research. His richness in humility and gentle- 
ness made him deeply loved not only by his patients but by all his colleagues. 

Apart from the accuracy of his clinical knowledge of the heart, far ahead of 
that of any of his contemporaries, Mackenzie knew well the art of medicine. 
If he was often perplexed by clinical problems, he did not convey this to his 
patients. Rather he always maintained an attitude of firm optimism. ‘‘Doubt 
and indecision on the part of the physician,”’ he said, ‘‘hang like a cloud around 
the patient.” 
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It is altogether as he would have wished it that Mackenzie’s individual dis- 
coveries have now been incorporated in the body of factual medical knowledge, 
so that few today even know their discoverer’s name. And it is right that Mac- 
kenzie’s fame should now rest on his search for clarifying principles of medicine 
to guide the practitioner in all his work. It should, however, be of some concern 
that his remembrance in this respect is no greater. It is astonishing to notice 
that while the fame of Mackenzie's contemporary, Sir William Osler, continues 
to grow with the years, there are many young physicians who are barely ac- 
quainted with Mackenzie's name. It would be unfitting to exalt one of these 
great men at the expense of the other. Suffice it to say that as Osler deserves to 
be the ideal of the young clinician, Mackenzie should be that of the young investi- 
gator. If he is less well known today than he should be, this is perhaps because 
the goal towards which he worked, that of understanding the basic principles 
of medicine, is still to be attained. But it is largely through his work that such 
attainment has become a possibility. 
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A CRITICAL AND COMPARATIVE ANALYSIS OF METHODS IN 
ELECTROCARDIOGRAPHY EMPLOYING MEAN QRS 
AND T VECTORS 


PauL H. LANGNER, JR., M.D., ERNEstT J. DEWEEs, M.D., AND 
SAMUEL R. Moore, M.D. 


PHILADELPHIA, Pa. 


N THE assumption that the Einthoven hypothesis and its three dimensional 

counterpart are at least first approximations of the truth, vector methods 
in electrocardiography are becoming increasingly popular. It is the purpose of 
this paper to examine and discuss certain factual and theoretical aspects of 
vectorcardiography, principally as applied to mean spatial vectors for evaluating 
the QRS-T relationships.'** We have chosen this method for study of the QRS-T 
relationships because, using as it does the twelve conventional leads now em- 
ployed in clinical electrocardiography, it has a wide field of application and does 
not require any expensive or unusual equipment. 

Using the basis of the classical theoretical concept of a dipole in an extensive 
homogeneous volume conductor, Grant has developed an interesting method of 
determining the directions of mean spatial vectors from the null contour or the 
transitional zone.' Extensive body surface exploration by Grant has revealed 
that the distribution of QRS and T deflections according to the algebraic sum of 
the areas under each curve defines three general zones. There is a comparatively) 
narrow null contour or transitional zone consisting of equally biphasic deflections 
which describes an approximately elliptical pathway around the body, in a major- 
ity of cases dividing its surface into two other zones, one in which the area of the 
deflections is algebraically net positive, the other zone, negative. These findings 
are then utilized in the following way. The body surface null contour is assumed 
to be the edge of a plane of null potential extending through the body and a mean 
spatial vector is constructed perpendicular to this plane. In this manner the 
null contour for either the QRS or T deflections is used to establish the direction 
of the mean spatial QRS or T vector, respectively. Based upon the concept of 
the ventricular gradient, the angle formed by the mean spatial QRS and T 
vectors is used as a diagnostic tool.!- A simple method for calculating the mean 
spatial QRS-T angle has been described elsewhere.!~* 

We have been using Grant’s vector method since 1949, and it has seemed 
to be both interesting and useful as a means of evaluating QRS-T relationships. 

From the Medical Department of the Provident Mutual Life Insurance Company of Philadelphia, 
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However, in order to subject the method to more critical evaluation we have 
performed certain experiments which will be described subsequently. In view 
of the work of Wilson and associates,> Wilson and Bayley,® Burger and van 
Milaan,’ and Frank and Kay,° there is evidence that the original concept of the 
Einthoven hypothesis and its three dimensional counterpart, upon which Grant's 
method is based, may be subject to significant error. Grant recognizes such 
sources of error, as do other investigators in the field of vectorcardiography. 
The problem is to determine the degree of error and its significance. 

We have been able to confirm Grant's finding of an elliptical null contour 
in a small series of cases as previously reported’ and we have demonstrated by 
intrabronchial electrocardiography that a zone of biphasic deflections occurs not 
only on the body surface but divides the lungs into a positive and negative zone.'® 
However, the degree of regularity and the width of this biphasic zone inside the 
body were not determined with great exactness. To determine the possible sources 
of error in Grant's method on a theoretical basis by methods used by Wilson and 
associates and Burger and van Milaan is a difficult, involved, and for us an im- 
practical approach to the problem at present. Therefore, our studies were made 
on a more directly empirical basis. We approached the problem with the idea 
that if we could demonstrate the existence of an elliptical null contour for the 
ORS and T deflections, and if the use of these contours provided a consistent and 
useful method of interpreting electrocardiograms this method would have a basis 
in fact, regardless of the exact degree of validity of the theoretical assumptions. 

To study the question of the null contour ellipse we performed extensive 
body surface explorations in thirty-three individuals to determine whether the 
null contour was elliptical in all cases, and if not, the incidence and degree of any 
deviations. A second step was to compare the directions of vectors obtained from 
two different systems, both of which were based upon similar theoretical assump- 
tions. For this purpose Grant's method and the cube method" of electrode place- 
ment were chosen. In order to make such a comparison it was necessary to pro- 
vide a more quantitative technique for performing Grant’s method. This was 
done with the use of the geometric model which has been described elsewhere’. 
It could be said of this second approach that a comparison of two systems, both 
of which were subject to unknown and undetermined error, might be of limited 
value. Nevertheless, we felt that if there was a lack of agreement between the 
two systems it would demonstrate that one or both of them, and hence the under- 
lving theory, was subject to error and also that the criteria for the two were not 
interchangeable. 

EXPERIMENTAL OBSERVATIONS 

Studies of the electrical field of the heart as manifested on the body surface 
were made to determine whether the null contour was uniformly elliptical in all 
cases as described by Grant. Observations were made with the subject recumbent 
and with body position and phase of respiration carefully controlled in all experi- 
ments so as to avoid variation due to these factors. Contiguity of electrode jelly 
between adjoining electrode positions was avoided. 

Body Surface Explorations.—The anterior surface of the body was mapped 
as follows: (See Fig. 1). By using the junction of an intercostal space and the 
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sternal margin as a guide, parallel lines were drawn transversely at the levels 
of the first, third, and fifth intercostal spaces, the umbilical level, and half-way 
between the fifth intercostal space and the umbilicus. In a head-to-foot direc- 
tion, parallel lines were drawn at the right and left sternal margins (through V, 
and V. positions), the midclavicular lines, and the anterior, mid- and postaxillary 
lines. At the intersections of these two sets of lines, indicated in Fig. 1, electro- 
cardiographic leads were taken using the Wilson Central Terminal. Posteriorly, 
lines were drawn at transverse levels corresponding to thos of the anterior body 
surface lines already mentioned. Lines in a head-foot direction were drawn 
at the mid-scapular and paravertebral lines, and leads were taken at the inter- 
sections of these two sets of lines. 


V; VERTICAL LEVEL 
| {V2 VERTICAL LEVEL 


Ast ICS. 

34 

Am 

Hs 

UMBILICAL LEVEL 
MID CLAVICULAR LINE 
ANTERIOR AXILLARY LINE 
MID AXILLARY LINE 


Fig. 1, Diagram of anterior body surface which was used for mounting electrocardiographic com- 
plexes of body surface explorations. V leads were taken from positions indicated by intersections of 
horizontal and vertical lines, then mounted on a large diagram which has been greatly reduced in Fig. 1. 
See text. 


A total of thirty-three individuals with hearts of normal size and position 
was studied. Of these, twenty-eight were normal and five had healed myocardial 
infarction. In twenty-three individuals the null contour was a fairly regular 
ellipse which divided the body symmetrically. In ten individuals, (seven normal, 
three with healed myocardial infarction) the null contour or transitional zone 
was nonelliptical or divided the body asymmetrically as determined by the initial 
exploration. These ten were re-explored with additional leads to confirm and 
more precisely delineate the null contour. 

The results of these body explorations which yielded irregular or asymmetric 
null contours are illustrated in Figs. 2 and 3. Two individuals showed marked 
deviation of the null contour from the usual elliptical shape, as shown in Fig. 2. 
There were six instances in which the deviation of the null contour of the QRS 
or T from an elliptical shape was moderate, and ten instances in which there was 
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either a minor deviation or asymmetry. These moderate and minor deviations 
are shown in Fig. 3. Based on these observations, it was estimated that if a single 
precordial transitional deflection (according to Grant's method) were used to 
predict the tilt of the over-all null contour the error in estimating the direction of 
the mean spatial vector would range from 20 degrees to 45 degrees in occasional 
cases. 
Comparison of Mean QRS and T Vectors Obtained by Two Different Systems. 

In eight normal individuals with regular null contour ellipses the direction of the 
mean spatial QRS and T vectors in the frontal plane and of the transverse plane 
of the precordial leads was determined by the author's modification of Grant's 


RNS. 


DP 


QRs 


Fig. 2.—-Illustrates marked deviation of the null contour from the usual 
ellipse in two subjects. See text 


method using a geometric model and from the cube method of electrode place- 
ment employed by Grishman and associates." In the latter method three elec- 
trodes were placed on the back and one anteriorly at the corners of a cube with 
the heart at the anatomic center as determined by fluoroscopic inspection. 
Actually the anterior-posterior axis was from 10 per cent to 30 per cent shorter 
than the vertical and transverse axes. Bipolar leads for axes A (right to left), 
B (front to back), and C (head to foot), of Grishman and associates were recorded 
on a Twin-Viso* at 100 mm. paper speed. Then complexes were enlarged four 
times photographically, and the area determined by an overlay of minute squares 
on a transparent film negative. The transparent negative was obtained by 
photographing the crosshatching of a standard white on black electrocardio- 


*Twin-Viso, Sanborn Company. 
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graphic tracing. This preparation permitted measurement of area with an ac- 
curacy of +5 per cent. From the mean algebraic area of leads A and B the 
transverse plane vectors for QRS and T were calculated, and from A and C the 
frontal plane vectors were calculated. The spatial QRS-T angle was obtained 
by the use of a geometic model. 

The directions of the various vectors calculated by the two different methods 
are found in Table I. In the frontal plane the maximum discrepancies for the 
ORS vectors are 30 degrees in three cases and 20 degrees in one case, and for the 
T vectors 20 degrees in two cases. The others were within 10 degrees. In the 
transverse plane the maximum discrepancy was 60 degrees for the QRS in one 
case and 30 degrees in another. The other six were within 10 degrees. For the 
T the discrepancy was 20 degrees in four cases, 30 degrees in three, and 40 degrees 
inone. The differences between the spatial QRS-T angles, estimated by the two 
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Fig. 3.—Illustrates moderate and minor deviations in regularity or symmet- 
rical location of null contour ellipse in eight subjects. See text. 
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methods employing a geometric model as described elsewhere, were 45 degrees in 
one case, 20 degrees in three cases, and 10 degrees or less in four cases. These 
discrepancies observed do not indicate which method is more accurate but only 
that the two are not quantitatively interchangeable. On the other hand, because 
of the fair degree of correlation between the two systems it might be said that 
while quantitative discrepancies are present, it would seem that the theoretical 
assumptions underlying these methods are in most cases first approximations of 
the truth and thus are capable of serving as useful generalizations. 


DISCUSSION 

Our findings that the potential variations produced by the heart on the 
body surface are roughly what had been predicted on the basis of a dipole at the 
center of an extensive homogeneous volume conductor in a majority of cases 
substantiate the work of Grant! and Ashman and associates.’ On the other 
hand, some discrepancies in this predicted distribution of body surface potentials 
have also been observed by us as reported in this paper, and by others.'* Four 
of the probable reasons which help to explain the occurrence of irregularity in the 
null contour are (1) nonhomogeneity of the body as a conducting medium; 
(2) the failure of the electrical forces of the heart to summate as a single sequence 
of dipoles with a common origin; (3) eccentricity of the position of the heart in 
the body so that the Einthoven triangle from which the limb leads and the Wilson 
Central Terminal are derived is not equilateral from either a geometric or an 
electrical standpoint; and (4) the irregular shape of the body as a volume con- 
ductor which alters the electrical field of the heart. Theoretically, these factors 
cannot be counteracted by laying off a cube or any other regular geometic figure 
on the body surface unless proper mathematical corrections are used.’ Approaches 
to the refinement of field theory as it actually applies to the peculiar conditions 
existing in the human body have been made by Wilson and his colleagues*:* and 
Burger and van Milaan,’ but a discussion of these is beyond the scope of this 
paper since the routine practical application of these methods has not been 
worked out. 

These theoretical considerations and our experimental findings raise ques- 
tions about the accuracy of certain vector methods. Obviously if the mosaic of 
the body surface patterns does not closely follow a predicted field-type distribu- 
tion, it indicates that certain present concepts of field theory in electrocardiog- 
raphy based upon the original Einthoven hypothesis do not apply accurately to 
the existing conditions. Therefore, either loops or mean vectors taken from a 
given set of electrode positions by certain methods may not be entirely repre- 
sentative of the heart as a whole or concur with vectors taken from a different 
set of electrode positions. The problem is to determine to what degree this limits 
the usefulness of these vector methods. Our studies do not provide a definitive 
answer to the question with regard to vector loops but judging from our results of 
body exploration, in two cases out of thirty-three Grant's method would seem to 
be subject to significant error which is difficult to quantitate. In eight cases 
there would be a quantitative error of at least one or two electrode positions 
(20 degrees to 45 degrees) in the plane of the chest leads. This would seem to be 
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of significant magnitude especially in borderline instances. In the other twenty- 
three cases the null contour was approximately symmetrical and elliptical so that 
the literal application of Grant’s methods in these cases would seem to be-on a 
reasonable empirical basis. 

We found discrepancies between the directions of mean vectors derived from 
two systems, using subjects with symmetrical, elliptical null contours as enumer- 
ated in Table I. Such discrepancies are also apparent in the results of Grishman 
and associates if one calculates the mean vectors from their published illustrations 
of the two types of leads in the same individual. For example, in Fig. 4-A of the 
paper entitled: ‘Spatial Vectorcardiography: Myocardial Infarction,’ the 
mean QRS vector by the cube method is directed markedly posteriorly, yet by 
Grant’s method it is directed to the left. The same discrepancy is seen in Fig. 
9-A of the same paper. Similar discrepancies would occur in loops recorded by 
different systems and such discrepancies have been reported.'''®'’ Hence, the 
criteria for each system are somewhat empirical and not uniformly interchange- 
able. 

It has been suggested that two of the possible errors in Grant's method, 
namely, the nearness of the precordial electrode to the heart and the lack of 
equilaterality of the Einthoven triangle are avoided in the cube method of elec- 
trode placement. However, judging from the studies of Wilson and Bayley and 
Burger and van Milaan, theoretically the cube system is also subject to some 
error because one still has to deal with the unavoidable eccentricity of the heart, 
the irregularity of the body as a volume conductor, and its lack of homogeneity. 
These factors, in effect, distort the cube electrically into an irregular figure, thus 
placing the cube method in the realm of empiricism unless appropriate mathe- 
matical corrections are used in applying vector projection methods.’ 

In spite of these theoretical sources of error there is presumptive evidence 
that vectorcardiography in its present form can be of value on an empirical basis. 
For instance, a promising development in routine electrocardiographic diagnosis 
is the use of the QRS-T angle which is a simplification of the ventricular gradient.’ 
This has become established on factual grounds because when the QRS-T relation- 
ships are clearly normal by conventional pattern methods of interpretation, the 
angle formed by the mean QRS and T vectors is found to be normal; and when 
the patterns are abnormal, the angle is also abnormal.?* Therefore, whether the 
underlying theory is literally true or not, the use of the QRS-T angle as a criterion 
The advantage of the QRS-T angle over pattern 


would appear to be justified. 
mathematical figure 


methods of interpretation is that it permits the use of one 
to describe quantitatively all the QRS-T relationships in the six extremity leads,* 
and in a majority of cases the spatial QRS-T angle expresses with usable accuracy 
the QRS-T relationships in leads from the entire body surface. 
From our experience thus far, we feel that the use of Grant’s method for the 
specific purpose of evaluating the relationship between the QRS and T deflections 
*The fact that the QRS-T angle accurately describes all the QRS-T relationships in the limb leads 
is invariably true, regardless of the validity of the Einthoven hypothesis, provided no error in recording 
the six extremity leads has been made, since the six leads are a closed system derived from three points 
that have a fixed and inevitable mathematical interrelation.’ Because of this consistent relationship 


among the six extremity leads data obtained from them can be defined as a vector and utilized as such, 
even if in theory the system has little resemblance to conditions actually existing in the body. 
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compares favorably with the pattern method. Grant's method would be unques- 
tionably superior to the pattern method if the following problems could be 
resolved: first, the introduction of more quantitative spatial methods especially 
for diagnosis in borderline cases; second, a means to detect the presence of any 
significant error in the method in a given individual case and to compensate 
for this; third, determination of the degree to which the range of findings in 
normal individuals overlaps that of abnormals. We have offered an approach 
to the quantitative measurements of the spatial angle in the form of a geometric 
model* and in the last paragraph of the present paper we will describe a practical 
form of limited body exploration to detect the presence of distortion of the null 
contour and to compensate for this. 

To cite further the possible usefulness of vectorcardiography Milnor and 
associates!® have claimed that vectorcardiographic loops are helpful in clarifying 
the problem of the deep Q;. Grishman and his colleagues have reported that 
vectorcardiography may be of unique value in distinguishing left bundle branch 
block from left ventricular hypertrophy”® and right bundle branch block from 
right ventricular hypertrophy.”! 

Two major problems in the application of Grant’s method are: how do we 
detect deviations from an elliptical null contour, and is there a method to com- 
pensate for this deviation? We believe a limited body surface exploration con- 
sisting of leads from V; to Ver in the third intercostal space, fifth intercostal 
space, and at a level about half-way between the fifth intercostal space and the 
umbilicus will detect most instances of distortion, and conversely if the null 
contours, judging from this sample, are elliptical, serious distortion is considered 
to be absent. When it is apparent from this sample that significant distortion 
in a segment of the precordial null contour is present, a few additional leads are 
taken to permit delineation of the anterior surface null contour, and then the 
ellipse is drawn on the basis of the over-all anterior null contour excluding the 
distorted segment. Thus, instead of depending upon only one precordial transi- 
tional deflection to predict the tilt of the null contour a more extensive sample is 
used and the “‘corrected”’ null contour ellipse is established for the QRS and for T 
deflections. Naturally, this is not feasible as a routine procedure but is suggested 
in borderline or problem cases. While we believe such an approach is of some 
immediate practical value, the entire problem requires further study. 


SUMMARY AND CONCLUSIONS 


1. For the purpose of evaluating the QRS-T relationship, mean spatial 
vectorcardiography appeared to be applicable in a majority of individuals studied 
by us. This method is appealing because it uses twelve leads routinely recorded, 
it is simple and not time consuming, and it provides one mathematical figure, 
the mean spatial QRS-T angle, which expresses quantitatively the over-all rela- 
tionship of the QRS to the T deflections in all the extremity and precordial leads, 
thus eliminating the need of considering each lead as a separate entity or pattern. 
A basic principle of this method, namely, the finding of an elliptical null contour 
ellipse for the QRS and T deflections has been confirmed in most cases. However, 
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certain aspects of both theory and practice of mean spatial vectorcardiography 
require further study as indicated in the subsequent conclusions. 

2. Experimental findings are presented which indicate that the distribution 
of potential variations on the body surface may be distorted in some individuals 
as compared with what would be expected on the basis of the Einthoven hypothe- 
sis and its three dimensional counterpart. Therefore, criteria for mean spatial 
vectorcardiographic diagnosis must be established on a somewhat empirical basis 
using a sufficiently large number of normal and abnormal individuals, and funda- 
mental theoretical concepts should be further clarified. 

3. In occasional cases where the distribution of potential variations is not 
as predicted by the theoretical assumptions the application of mean spatial 
vectorcardiography is subject to certain error which may be significant especially 
in borderline cases. This may be demonstrated by extensive body surface explo- 
ration as illustrated in this paper. The use of a partial body exploration to detect 
and compensate for such error is described. This is recommended only in border- 
line or problem cases. 

4. The values for mean spatial QRS-T angles determined by a modification 
of Grant's method differed significantly in some cases from values determined by 
the cube method of electrode placement, using subjects free from unusual poten- 
tial distributions. On the other hand, because of the fair degree of correlation 
between the two systems it might be said that while quantitative discrepancies 
are present, it would seem that the theoretical assumptions underlying these 
methods are in most cases first approximations of the truth and thus are capable 
of serving as useful generalizations. 

5. Although we believe that there is real value in the vectorcardiographic 
approach to routine electrocardiographic diagnosis, it should be pointed out that 
clearly normal or definitely abnormal electrocardiograms can usually be evaluated 
with equal effectiveness in most cases whether one uses the conventional methods 
or mean spatial vectorcardiography. Therefore, further studies are needed to 
determine whether mean spatial vectorcardiography is superior in evaluating the 
borderline and the problem cases. To do this requires the utilization of more 
quantitative techniques, and the determination of the degree to which the range 
of findings in normal individuals overlaps that of abnormals. Approaches to the 
first problem are suggested. Solution of the second problem would be furthered 
by a well-controlled statistical study. 


We wish to acknowledge the technical assistance of Harry L. Fies and Hannah G. Dewees. 
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MEAN SPATIAL VECTORCARDIOGRAPHY 


THE INFLUENCE OF AGE, SEX, Bopy BUILD, AND-CHEST CONFIGURATION ON THE 
ORS VeEcTOR IN NORMAL INDIVIDUALS 


DAN L. UrscuHet, M.D., AND DENTON C. ABBEY 


MENTONE, IND. 


HE practical value and the validity of the method of interpreting conven- 

tional cardiograms, which is called mean spatial vectorcardiography, have 
been well presented in a recent monograph by Hurst and Woodson.' The vector 
approach to electrocardiography is almost as old as the subject itself, but practi- 
cal application of the concept has been delayed by a still-active disagreement, 
among the proponents of oscilloscopic vectorcardiography, in regard to electrode 
placement and other matters of technique. Also, hindering common usage has 
been the necessary, but somewhat overwhelming (to the average physician), use 
of higher mathematics in presenting and establishing the validity of the concept. 


It is important to emphasize once again the difference between “‘mean spatial vectorcardiog- 
raphy,” first presented by Grant,’ and oscilloscopic vectorcardiography, or the “loop’’ vector- 
cardiogram. 

The mean spatial vectors are derived from the standard electrocardiogram. A model, such 
as we have previously described,* or one like Langner has prepared,‘ is the only additional ap- 
paratus necessary. The mean vector, as the name implies, is a single summation product and 
does not show the numerous instantaneous forces which have combined to produce it. The 
oscilloscopic vectorcardiogram, or ‘‘loop,”’ is a more complete visualization of the electrical field 
of the heart, derived with the cathode-ray oscilloscope. By varying electrode positions any plane 
may be inscribed, although by custom, the loops are usually determined in frontal, horizontal, 
and sagittal aspects. The direction of spread of the impulse, the shape of the electrical field, and 
its position in space are important features which can be determined from the oscilloscopic vector- 
cardiogram with more precise accuracy than by the mean spatial vector method. However, it is 
our feeling that the mean spatial technique is of greater value at this time for two reasons. The 
first, as stated above, is that it takes advantage of standard electrocardiographic technique and 
electrocardiograms, requiring no special equipment or technical assistance. Secondly, as has also 
been stated, there remains a wide range of disagreement among workers with the oscilloscopic 
technique as to electrode placement and other matters of method. Until a more uniform approach 
is agreed upon, oscilloscopic vectorcardiography must of necessity remain a matter for research 
study. On the other hand, as Hurst and Woodson have emphasized, the mean spatial technique 
is the finest yet developed for acquainting students with the basic electrophysiology involved in 
the production of normal and abnormal electrocardiograms, and its usefulness is not limited to 
the beginning student. Even the cardiologist who has been well versed in “pattern” electro- 
cardiography finds in this method a rational explanation for the alterations he has been inter- 
preting. The mean spatial technique is of especial value at this time because it serves as a con- 
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necting link between “pattern” interpretation and the oscilloscopic “loops.’’ Correct under- 
standing of the principles of the mean spatial vector method enables one to correlate the two in a 
manner which is not otherwise possible. 

In previous papers on the mean spatial vector technique,’:’ we have described the model used 
in calculating the spatial characteristics of the vectors and have included a group of normal 
electrocardiograms with analysis of the QRS and T vectors. Because we were dealing with a new 
technique, for which no standards of normality have been established, we selected 100 normal 
individuals and submitted their electrocardiograms to vector analysis. The technique involved 
in this method has been described not only by us, but originally by Grant,? by Grant and Estes,® 
and most completely by Hurst and Woodson in their recent monograph.! It need not be repeated 
here, except to emphasize that the conventional electrocardiogram records the same electrical 
force in each lead. The deflections of the various electrocardiographic leads vary only because 
each lead records a different projection of that force. This “‘single force’’ concept underlies all 
vectorcardiography. The principles of projection of force are basic in this theory and have in 
fact been used for many years in teaching electrocardiography. Mean spatial vectorcardiography 
is only a simplified and practical approach to the subject. 


MATERIAL 


For this study we selected fifty men and fifty women in the adult age group, 
all of whom had been given a complete cardiovascular survey, and in none of 
whom was there any evidence of cardiac pathology. Likewise, we ruled out any 
cases which had abnormalities of the lungs or of the chest which might cause 
displacement of the heart. We were interested at this time in finding the normal 
range of distribution for QRS vectors. This paper represents a statistical analysis 
of these findings, and we have included only one illustrative electrocardiogram 
with vector study. The reader is referred to preceding papers for a larger group 
of illustrative electrocardiograms with appropriate vector analysis.*°:7 


The ages of the men and women studied were approximately the same. 
The men varied between 20 and 59, with an average age of 43, while the women 
varied from 17 to 71, with an average age of 46. The average for the women 
was slightly higher than that for the men because demonstrable evidence of 
arteriosclerosis in men past 60 frequently prevented us from using them in this 
series, although they were otherwise normal in all respects. We deliberately 
avoided the extremes of youth and of age in this particular study, although both 
such groups will be the subject of later work. 


METHOD 


Using the model and method previously described,*>* we calculated and 
recorded the direction of the vectors in the standard manner. We have included 
one such illustrative electrocardiogram and vector analysis (Fig. 1). In calcu- 
lating vector direction, we use the degree scale shown in Fig. 2, but for purposes 
of illustration have found it more satisfactory to use a form such as is shown 
in Fig. 3, most of the reference lines having been removed. In addition, in order 
to have a simplified method for referring to the direction of vector deviation, we 
have divided the degree scales into segments as shown in Fig. 4. Whereas it is 
more accurate to refer to direction according to degrees of deviation from a 
standard reference line, it is more simple to refer to the segment in which the 
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Fig. 1 An illustrative vector analysis from an electrically intermediate heart From 
Urschel and Abbey Am. Heart J. 45:70, 1953 
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Fig. 2.—The hexaxial reference system used in determining the frontal plane projection of the 
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Am. Heart J. 45:67, 1953. 
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vector lies. This is obviously a rough method, with segments of 30 degrees, and 
was not used in the actual statistical analysis of these cases. However, for 
presentation and discussion it is more convenient. 


THE INFLUENCE OF AGE ON QRS VECTOR DIRECTION 


As might have been predicted, the older the patient, the more electrically 
horizontal is the heart. This has been well established and documented for many 
vears. However, as is true in other aspects of electrocardiography, the mean 
spatial vector technique allows for such precise recording of this data that the 
whole subject is much more graphically presented. 


FRONTAL HORIZONTAL SAGITTAL 
posterior 


anterior anterior posterior 


Fig. 3 For clarity of illustration, most of the reference lines shown in Fig. 2 have been removed. 
As may be seen in Fig. 1, this allows the vectors to be more clearly shown. 


FRONTAL HORIZONTAL SAGITTAL 
posterior 
~\ Ve ail | 4 \ 
5 2 24 \ 
/ i / 
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Fig. 4.—-The reference systems shown in Fig. 2 and Fig. 3 were divided into 30° 
segments, and numbered to facilitate presentation in this paper. 
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This is particularly well shown in Fig. 5, where each designated vector 
represents the average of all the vectors in that particular age group. It may 
be seen that the correlation is perfect in all planes, with mathematical progression 
from the younger to the older individuals. 

The reasons for this progression from an electrically vertical to an electrically 
horizontal heart with advance in years appear to be multiple. Most important 
is the increasing prominence of the left ventricle, with increase in the relative 
muscle mass on that side. (In the absence of conduction defects the QRS vector 
will always point towards the area of greatest muscle mass.) Later in life, the 
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Fig. 5.—-QRS vector direction according to age. The patients were classified into four age groups, 
17 to 30, 31 to 40, 41 to 50, 51 and older. The average QRS vector direction for each group is indicated 
in all three planes. 


electrical position of the normal heart is affected by physical alterations which 
change the anatomic position. By this we are referring principally to alterations 
in position of the diaphragm. Because of increasing weight, of a loss of elasticity 
in the diaphragm itself, and of a change in respiratory habits, the diaphragm 
tends to be higher with advancing years. This of necessity pushes the heart into 
a more transverse position anatomically, into a more “horizontal one elec- 


trically. 


VARIATION IN POSITION OF THE QRS VECTOR ACCORDING TO SEX 


There was little statistical difference in the direction of the mean QRS 
vector in men and women in this study. This was true whether studied by 
decades of age, or considering the group as a whole. As may be seen in Fig. 6, 
the only difference is a slightly more horizontal position of the QRS vector in 
men. That this was an anatomic rather than a sex variation was shown by 
correlating the direction of the vector with the height of the diaphragm, as will 
be demonstrated later in this paper. It was found that there was a definite 
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tendency to a relatively broader chest with a high diaphragm in men, and to 
narrower chest with a low diaphragm in women. The broader the chest, with 
relation to its height, the more horizontal the heart becomes anatomically, and 
this anatomic variation correlates well with the electrical positions determined 


from vector analysis. 


CORRELATION OF QRS VECTOR DIRECTION WITH BODY BUILD 


When this study was begun, it was anticipated that there would be good 
correlation in this aspect of the subject. It is well known that the normal tall, 
thin, individual will tend toward an electrically vertical heart, whereas the short, 
obese one will have a more horizontal electrical pattern. We found this to be 
generally true only in the extremely thin or markedly obese patients. If we 
attempted to correlate electrical position and body configuration in the reverse 
direction, we were frequently in error. In other words, if we saw a tall thin 
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Fig. 6.—QRS vector direction according to sex, 


individual we could be reasonably certain that his QRS vector would lie in seg- 
ment 6 in the frontal plane (referring to the segments shown in Fig. 4). On the 
other hand, if we chose all those cardiograms with QRS in that segment, we found 
a great variety of body build. 

When we considered the large group of subjects of ‘‘normal’’ build, we found 
a wide range of QRS direction, from segment 2 to segment 6 in the frontal plane. 
Likewise, if we chose all the cardiograms with QRS vectors in segment 5 (the 
“intermediate” heart), we found a wide range of body build in such subjects. 

The same general findings were apparent in the electrically horizontal heart 
and obese individuals. The more obese and short an individual, the more cer- 
tain it was that his QRS vector would be in segment 3, or even 2, frontally. But, 
again, if we selected all the cardiograms with QRS vectors in these segments, not 
all such patients were short and obese, nor did all patients of this build have 


such vectors. 


-Entire group 
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In summary, it would seem apparent that we had a broad general correlation 
between body build and QRS vector direction which was not precise enough to 
provide a basis for accurate statistical evaluation of electrocardiograms 


CORRELATION OF QRS VECTOR DIRECTION AND THE CARDIOTHORACIC RATIO 


transverse diameter of heart 

The C-T ratio —— is a well known measure of 
transverse diameter of chest 

cardiac size. That it is not an accurate index is also acknowledged, but it does 
provide an easily determined figure which has rough value. It is well agreed that 
a C-T ratio of 0.50 or more usually represents cardiac enlargement, that readings 
between 0.35 and 0.50 represent most normal subjects, and that any figure less 
than 0.35 is below the average. Having said this, we must then emphasize that 
the C-T ratio in normal hearts measures not so much size, as position. Chest 
roentgenograms made in inspiration and in expiration will easily demonstrate 
this fact in almost every normal person. The C-T ratio will change, often 
markedly, between these two phases of respiration, but the heart must of neces- 
sity remain nearly the same size. 

It was to be expected that the correlation between C-T ratio and QRS 
vector direction would be better than the previously mentioned body build 
relationship. This is almost a necessary corollary, if we consider the basic physi- 
ology involved. Unless conduction defects are present, the mean QRS vector 
will always point in the direction of the predominant muscle mass, as we have 
previously stated. This must be, because the mean vector represents the summa- 
tion of an infinite number of instantaneous vectors, and the greater the muscle 
mass, the more instantaneous vectors will be contributed to the sum total. 
Therefore we are only stating a truism to say that the more transverse the 
anatomic position of a normal heart, the more transverse will be the direction of 
its mean QRS vector. That we found this to be true statistically is shown in 
Fig. 7. Correlation of averages was as precise as the age analysis previously 
outlined in Fig. 5. 

This correlation has some practical value. If we find a vertical ORS vector 
(segments 6 and 7 frontally) in a patient with a high C-T ratio, we must look 
carefully for pathologic conditions which cause relative enlargement of the right 
heart. By the same token, since a horizontal vector (segment 2 or 3) is not 
normally found with a low C-T ratio, this indicates unusual relative prominence 


of the left heart. 


CORRELATION OF CALCULATED FRONTAL AREA AND QRS VECTOR DIRECTION 


Inasmuch as the calculated frontal area gives no information about the 
portion of the heart involved in any hypertrophy which may be present, correla- 
tion between QRS vector direction and frontal area is of limited value. If the 
frontal area is increased, the direction of the QRS vector is of considerable value 
in pointing toward the side of the heart involved in the hypertrophy. In normal 
hearts, on the other hand, there was no correlation of significance. 
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CORRELATION OF LEFT DIAPHRAGM POSITION AND QRS VECTOR DIRECTION 


It appeared to us that the position of the diaphragm, especially the left 
leaf, was a most important factor in determining the position of the normal 
heart, and therefore, the direction of the normal mean QRS vector. For this 
reason we attempted to determine a ratio which would give us a figure repre- 
senting relative height of this leaf of the diaphragm. Using the ordinary 6-foot 
chest roentgenogram, we determined a height-width ratio as follows: 

height of chest 


H-W ratio: 


transverse diameter of chest 


To determine the height of the chest we measured the distance vertically 
(in centimeters) from the highest point of the left diaphragm to the lower border 
of the left second rib. (As may be seen in most chest films, the lower border of 
the second rib is a more easily determined landmark than the first rib or the 
actual anatomic apex of the lung.) The transverse diameter of the chest was 
measured at the level of the highest point of the left diaphragm. 
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Fig. 7.—QRS vector direction according to C-T ratio The cardiothoracic ratio is expressed 
in decimal figures from 0.35 to 0.59, and for this study the subjects were classified in five groups as 
listed 


In this manner we obtained a figure which varied between 0.56 and 1.09 
in this group of normal people. (As may be seen, the higher the number, the 
more relatively ‘vertical’ the chest. Thus, a reading of 0.56 means a low, broad 
chest, a reading of 1.09 means a tall one.) When these ratios are considered in 
connection with our previous remarks about the influence of the left diaphragm 
on heart position, it is obvious that in general, the higher the ratio the more 
vertical should be the heart, anatomically and electrically. That this was 
statistically true is shown in Fig. 8. Correlation was reasonably good, and we 
have an index of some practical value. A patient with a high H-W ratio should 
have a ORS vector in segments 6 or 7, one with a low ratio should have a vector 
in segments 2, 3, or 4. As previously stated, there was a tendency to slightly 
higher H-W ratios in the-women, and this is borne out by the tendency to more 
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electrically vertical hearts in this sex (as shown in Fig. 6). In Table I, we have 
shown the number of individuals in each of five groups, classified according to 
H-W ratio, and the preponderance of anatomically vertical chests in women 
is clearly shown in this study. 


TABLE I. H-W Ratios IN MEN AND WOMEN 


0.60-0.69 | 0.70-0.79 0.80-0.89 | 0.90-0.99 1.00-1.09 


Men* 10 20 10 
Women s 16 19 


*One man was below 0.60 H-W Ratio 


H-W Ratio: Height of Chest From Left: Diaphragm to Left Second Rib 
Transverse Width of Chest 


The tendency to more vertical chests in women is well shown in these figures. 


We were interested, in determining the validity of the H-W ratio, to corre- 
late it with the C-T ratio. We have shown a graph of this correlation in Fig. 9. 
It will be seen that in general, the higher the H-W ratio, the lower the C-T ratio. 
(In other words, the taller the chest, the narrower the heart.) That this is not a 
completely accurate correlation is also obvious, and for this reason the relation- 
ship between QRS vector direction and H-W ratio is not as precise as we might 
wish. In other words, we have in normal individuals a variation in heart size 
and position, (and thus in QRS vector direction) which is not totally related to the 
configuration of the chest. However, it appears to us that this H-W ratio is more 
valuable from a statistical point of view than body build or the calculated frontal 
area. It is also more valuable in some ways than the C-T ratio, which is in itself 
influenced by the H-W ratio. Certainly, in apparently normal individuals, the 
presence of a horizontal (segment 2 or 3) QRS vector in a patient with a tall chest 
(high H-W ratio) will point to some pathologic process emphasizing left ventricu- 
lar influence in the electrocardiogram. Likewise, a segment 6 or 7 QRS vector 
must be questioned in a patient with a low H-W ratio. 


SUMMARY AND CONCLUSIONS 


1. Fifty normal adult men and fifty normal adult women were selected for 
vector analysis by the mean spatial vector technique. All of these patients had a 
complete cardiac examination and had no evidence of disease of the heart, 
peripheral vascular system, lungs, chest wall, or diaphragm. 

2. When considered by decades of age, there was a perfect mathematical 
progression from a relatively vertical heart in early years to a relatively hori- 
zontal one in later years. This appears due to two main factors, the relative 
increase in mass of the left ventricle with advancing years and the increasing 
height of the diaphragm with age in the absence of emphysema. 

3. There was no statistically significant difference between the two sexes. 
The men had an average QRS vector which was slightly more horizontal than the 
average for the women, but as shown in further study, this was apparently due to 
a somewhat higher position of the diaphragm in men. 
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QRS vector direction according to the H-W ratio. This index of chest height is described 
in the paper. (The higher the number, the more vertical is the chest.) 
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Fig. 9.—-Correlation of H-W and C-T ratios. 
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Theoretically, the greater the H-W ratio (anatomically vertical chests), the lower should be the 
C-T ratio, as the heart could hang more vertically. The graph shows this to be generally true. 


505 
4,7 1.00 = 1.09 
250 -.59 
i 
070 =.79 
0.60 
x x 
x 
x x 
x xx x 
0.50 x 
x 
xx x xx xx x x 
x x xX 
x x xx x 
x x x x x xx 
| x x x xx peeed x 
x xx 
x x x xX x 
x x 
Fs 0.80 0.90 1.00 1.10 


506 AMERICAN HEART JOURNAL 


4. Correlation of QRS vector direction and body build was not statistically 
significant. The extremely tall and thin individual usually had a vertical heart, 
the obese one a horizontal heart. However, all vertical hearts were not found in 
tall, thin individuals, nor were all horizontal hearts in short, obese patients. 
It was obvious that the external body configuration was not the sole determining 
factor in electrical position of the heart. 

5. Correlation between the well known C-T ratio and QRS vector direction 
was almost perfect, but this amounted only to expressing a truism. In other words, 
in a normal individual, the C-T ratio refers to position of the heart rather than 
to its actual size. The C-T ratio will vary greatly in chest roentgenograms made 
in inspiration and expiration in the same patient. As the diaphragm rises, the 
heart assumes a more horizontal position and the mean QRS vector likewise 
swings to a horizontal segment. 

From another point of view, correlation of the C-T ratio and the QRS vector 
direction has considerable value. If the C-T ratio is low (an anatomically verti- 
cal heart) we should expect to find a vertical vector. If we do not find this, we 
must look for conditions which cause increased prominence of the left ventricle. 
In the same manner, a high C-T ratio should be accompanied by a horizontal 
ORS vector. If this is not true, some pathologic process causing hypertrophy 
of the right ventricle must be suspected. 

6. Correlation between calculated frontal area and the QRS vector direc- 
tion would be of value only in patients with an increased frontal area. In such 
individuals the direction of the QRS vector would point to the side of the heart 
involved in the hypertrophy. 

7. A more valuable correlation appeared to be that between internal 
configuration of the chest and the QRS direction. It is our opinion that the 
position of the normal heart is affected largely by the position of the left dia- 
phragm. In other words, the higher the diaphragm the more horizontal must the 
heart be. We devised a height-width ratio by dividing the height of the chest 
(on the left side) by the transverse width of the chest. This H-W ratio appears 
to have adequate validity as an index of chest configuration, and in these normal 
individuals there was good correlation between the structure of the chest and 
the position of the heart. 
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THE DIRECT SPATIAL VECTORCARDIOGRAM IN THE INFANT 


STEPHEN R. ELEK, M.D., BERTRAM J. ALLENSTEIN, M.D., AND 
GEORGE C, GrirritH, M.D. 


Los ANGELES, CALIF. 


i hoe purpose of this paper is to report the observation of the transition of the 
normal, neonatal vectorcardiogram to the normal vectorcardiogram which is 
seen in older infants. This observation has not been previously noted or studied. 
Further observations of the vectorcardiogram as recorded in young infants are 
also reported. 

In a vectorcardiographic study of eight children from eight months to eight 
vears of age, Lasser and Grishman! pointed out that in the horizontal plane the 
loop is counterclockwise, the centripetal limb is posterior to the centrifugal limb 
and most of the loop is directed anteriorly. Schaffer and Beinfield® investigated 
thirty-five normal newborn infants from three hours to seven days of age; visual 
observation was relied upon and no photographs were taken. They made the 
important observation that the spatial vectorcardiogram in the newborn infant 
resembles that which is seen in older subjects with right ventricular hypertrophy. 
Lamb and Dimond,’ using a new bipolar lead placement, examined forty children 
during the first decade ot life including nineteen patients under one year in age. 
Their findings corroborated the data of Schaffer and Beinfield;? they also noted 
figure-of-eight loops in the horizontal plane in the age group of four months to 
SIX vears. 

METHODS AND MATERIALS 


Forty-seven infants less than two vears of age were studied (Table 1). There 
was no evidence of heart disease as judged by symptoms and signs. Based on 
birth weights, each infant studied was within the normal weight range for age 
and length. Electrocardiograms were taken in sixteen of the patients. Since 
the tachycardia and body movements of the infants made photographic recording 
difficult, all infants up to one year of age were medicated parenterally with 
paraldehyde, Demerol, or phenobarbital at least one hour before vectorcardio- 
grams were made; a few infants received both paraldehyde and Demerol. 

Direct vectorcardiograms were taken with a one-channel oscilloscope using 
the modified Duchosal-Sulzer cube arrangement with polarity adjusted according 
to the method of Grishman and co-workers.’ At least three vector loops in the 
same plane were taken on the same film by moving the position of the vector 
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loop on the oscilloscope. In this manner respiratory variations in the respective 
planes could be recorded in most of the subjects. The vector loop was interrupted 
four hundred times per second by intensity modulation. Fast film and time 
exposures were used. 

TABLE | 


VECTORCARDIOGRAPHIC PLANES 


NUMBER 
AGE OF REMARKS 
PATIENTS HORI- 
ZONTAL FRONTAL SAGITTAL 
2-3 days 2 c-2 ce: 2 c:.7 The entire loop is in the right 
A: 2 i: 3 A: 2 octants. See Fig. 1. 
I-S: 1 
I-S: 1 
1-8 days 12 2 A significant portion of the loop ap- 
A:ll C:10 C:10 pears in the left octants. See 
A-P: 1 I: 6 I: 6 Fig. 1. 
S: 3 
is: 3 I-S: 3 
A:ll 
A-P: 1 
23-31 days 4 ee 4 2 4 Relatively smaller portion of the loop 
A: 4 2 ae. is inscribed in the right octants. 
I-S: 2 I-S: 2 Transition has frequently be- 
A: 4 gun. See Fig. 4. 
32-39 days 5 ca: 2 4 e.4 Transition age. See text and Figs. 
I: 4 I: 4 2. 
A: 4 
6 weeks- 14 CC:14 C:14 C:14 Figure-of-eight loop in horizontal 
3 months A:ll 1:12 1:12 plane in 7 patients; terminal 
3 S: appendage in horizontal plane 
I-S: 1 I-S: 1 in 2 patients. 
A:l1l 
A-P: 3 
11 months- 10 CC:10 C:10 C:10 Figure-of-eight appears in 2 pa- 
2 years A: 6 +. ee tients and terminal appendage 
\-P: 4 I-S: 1 I-S: 1 in 2 patients in horizontal loop. 
A: 6 Vector loop is oriented mostly 
\-P: 4 in left inferior octant, either 
anterior, or partly posterior 
and anterior. 
Cc clockwise 
cc counterclockwise 
A mostly or entirely anterior 
A-P approximately half anterior and posterior 
I mostly or entirely inferior 
S: mostly or entirely superior 
I-S approximately half inferior and superior 
RESULTS 


The data regarding direction and position of the three planes at various ages 
are summarized in Table I. The patients are divided into the following age 


groups for convenience of presentation of salient features: 
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Patients Two to Thirty-one Days of Age.— 

Horizontal plane: All loops (except for M.H.) are clockwise; most of the 
loops are directed to the right and anteriorly. The vector loop of M.H. (Fig. 3) 
is a figure-of-eight with the initial and leftward one-half directed counterclock- 
wise. In two patients aged two and three days, one of whom (B.S.) is illustrated 
in Fig. 1, no part of the loop extends to the left of the E point. In the patients 
four days of age, however, a significant portion of the loop is to the left of the 
E point (Fig. 1). 

Frontal plane: This plane in the two-to-four day age group resembles the 
horizontal plane in that the leftward component develops by the fourth day, 
and the vector loops are counterclockwise (Fig. 1). In the twenty-to-thirty day 
age period, more of the loop is present to the left of the E point and most of the 
vector loops are clockwise (Fig. 2). There is no significant difference in the 
twenty-to-thirty day age group with regard to the superior or inferior position 
of the loop. The vectorcardiograms in eight of the sixteen patients are mostly 
entirely in the inferior quadrant. In five other infants an appreciable portion of 
the vector loop extends posteriorly, while in three infants it is predominantly 
posterior. 

Sagittal plane: These loops resemble the horizontal plane in that they are 
oriented mostly anteriorly and resemble the frontal plane in that they extend 
both superiorly and inferiorly. 

Spatial orientation: Of the eighteen patients studied, nine are in the right 
anterior inferior octant, three in the right anterior superior octant and six in the 
right anterior octant with equal portions in the superior and inferior position. 

Patients Thirty-two to Thirty-nine Days of Age (Transition Stage).—In addi- 
tion to infant M.H., five other infants were observed in the transition stage, 
four of whom are illustrated in Figs. 2, 3, and 6; the fifth infant could be photo- 
graphed only in the horizontal plane because of inadequate sedation. 

Horizontal plane: <A figure-of-eight pattern is inscribed anteriorly. The 
initial portion of the centrifugal limb begins to the right of the E point, moves 
anteriorly and to the left to form a small counterclockwise twist before becoming 
the centripetal limb. The latter then makes a sharp rightward turn and ends 
at the E point. This counterclockwise twist is small in patients J.J. and R.P. 
(Fig. 2) so that most of the centripetal limb is anterior to the centrifugal limb, 
and hence most of the loop is clockwise. In patient R.H. (Fig. 3) the twist is 
larger, so that a large part of the centripetal limb is posterior to the centrifugal 
limb, and therefore a large portion of the loop moves counterclockwise. 

Frontal plane: All vector loops are clockwise except in patient L.B. (Fig. 6) 
who exhibits a figure-of-eight with the initial loop clockwise and the terminal 
loop counterclockwise. In this patient at fifty-one days (Fig. 6) most of the 
loop is clockwise. 

In the other patients most of the loops are chiefly in the inferior quadrants 
and located both to the right and to the left of the E point. 

Sagittal plane: Figure-of-eight patterns are present in three patients, L.B. 
(Fig. 6), R.H. (Fig. 3), and J.J. (Fig. 2). The initial loops are clockwise. All 
loops are oriented anteriorly and mostly inferiorly. 


510 AMERICAN HEART JOURNAI 


Patient Days 
BS 2 
MP i 
FS 
FSW 


ig. 1 Note development in the horizontal plane of a leftward component at four days. See text 
(Time markings slightly retouched in some of the vector loops in all illustrations). 
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Patient Days 
Jd 32 
RP 3S 


Fig. 2 Figure-of-eight vector loops in the horizontal plane. The transition to the normal adult-type 
vectorcardiogram is shown in patient R.P. See text. 
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Patient Days 
MH 26 
BB 31 
RH 38 


Fig. 3.—-Examples of larger figure-of-eight horizontal plane vector loops (M.H. and R.H.). 
Compare with Fig. 2. See text. 


Spatial orientation: Most of the patients are in the anterior, inferior octant. 
While the loops extend to both right and left, more are oriented to the left of the 
E point as compared with infants aged two to thirty-one days. 

Patients Six Weeks to Three Months of Age. 

Horizontal plane: The rotation in all patients is counterclockwise. In seven 
of the fourteen patients (see D.H. in Fig. 4), a large figure-of-eight is formed, the 
initial portion of which rotates counterclockwise. Two patients have a terminal 
appendage which ends to the right of the E point. In all patients most of the 
loop is anterior and to the left of the E point. 


Frontal plane: The rotation in all patients is clockwise, and the loops are 


oriented in the left and inferior quadrants. 
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ELEK ET 


DH 56 days 
Fs 64 days 
RP 11 months 
TM 2 years 


Fig. 4.—-Vectorcardiograms at later age. Note right posterior terminal appendage in horizontal plane 
in patients F.S., R.P., and T.M. See text, 
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Sagittal plane: The rotation in all patients is clockwise. ‘Three records 
have a figure-of-eight loop in which the initial limb is clockwise. 


Spatial orientation: This is a left anterior inferior octant. 


Patients Eleven Months to Two Years of Age. 

Horizontal plane: ‘Two of the ten patients form a figure-of-eight, the initial 
loop of which is counterclockwise; one patient (R.P.) is illustrated in Fig. 4. 
One of the ten patients has a terminal appendage to the right of the E point. 

Frontal plane: All loops are in the left inferior quadrant; only one loop is 
partly superior. 

Sagittal plane: Four of the ten subjects are partly anterior and partly pos- 
terior; six patients are entirely anterior. 
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L — | = j 
2-3 DAYS 4-23 DAYS 26-39 DAYS 40+DAYS NORMAL 
L ADULT 
TRANSITION PATTERN 


Fig. 5 Vectorcardiographic transition from neonatal to adult pattern in the horizontal 
plane (schematic). 


Spatial orientation: ‘This is mostly in the left anterior inferior octant with 
many patients having a large posterior component. 

Patients from three months to eleven months of age are not reported because 
in that age group no further information pertinent to our study was obtained. 

Electrocardiograms were taken in twenty-one of the forty-seven infants 
studied and were normal. Seven had RSR’ complex in V, or V gr. 


DISCUSSION 


In infants aged two to thirty-one days, the spatial vectorcardiogram is 
usually in the right anterior inferior octant; three of our eighteen patients had a 
large portion of the QRSsE loop in the superior octants. The horizontal plane 
vector loop rotates clockwise (Fig. 1) unless the transition has occurred. This 
confirms the observations of Schaffer and Beinfield®? and Lamb and Dimond.’ 
Since the spatial orientation resembles right ventricular hypertrophy and since 
this is an apparently normal finding in infants,” we have used the term “physio- 
logical right ventricular preponderance.’ Schaffer? has termed this “electrical 
right preponderance.”’ 

During the first four days of life, an initial left anterior component is seen in 
the horizontal plane vector loop. In our series, this leftward component was not 
present in two infants aged two and three days (B.S., Fig. 1) but was present in 
ten infants four days old. This signifies that between two and four days a normal 
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Fig. 6.—Development and persistence of figure-of-eight vector loops in the horizontal plane in the 
same patient. At forty-six days the upper vector loop in the horizontal plane is amplified in the Y-axis 
to show the counterclockwise twist. See text. 
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increase in left ventricular electromotive force occurs. Scammon® quoting 
Miiller states that . . . “at birth the average thickness of the lateral walls of 
the right and left ventricles is approximately equal (about 5 mm.), but by the end 
of the first month the left one is distinctly the thicker.”’ Patten’ has found that 
the right ventricle outweighs the left by 13 per cent at term, a ratio of 8:7. 
Miiller® reported that the right ventricle at term is 83.3 per cent of the weight 
of the left ventricle. Smith,’ quoting Wideroe, states the right ventricle is 109 
per cent of the weight of the left ventricle. These differences can be due, as 
these Authors suggest, to the difference in methods of dissection of the ventricles 
from the septum. Our findings are consistent with these anatomic observations 
except that from birth to three days of age the right ventricle is larger than the 
left ventricle as determined vectorcardiographically. 

We have observed for the first time a vectorcardiographic transition in 
infants between the ‘‘physiological right ventricular preponderance” pattern and 
the normal adult-type* pattern. The first change, which occurs at about the 
end of the fourth week, consists of the development of a small counterclockwise 
twist at the end of the centrifugal limb, although both centrifugal and centri- 
petal limbs have a clockwise rotation; thus a figure-of-eight with unequal seg- 
ments exists. This is illustrated in the horizontal plane of J.J. at thirty-two days 
and of R.P. at thirty-eight days (Fig. 2). Schaffer and Beinfield? have published 
a sketch of a figure-of-eight horizontal plane loop and consider it an occasional 
although normal variant. The actual transition is well illustrated by R.P. (Fig. 2). 
At forty-five days, the horizontal plane loop consists of a figure-of-eight with more 
nearly equal segments than at thirty-eight days, although the loop is still clock- 
wise except for the twist. (There also occurs a vertical shift in the long axis of 
the horizontal plane loop similar to that reported by Lamb and Dimond.*) One 
week later, at fifty-two days, the horizontal plane loop is counterclockwise and 
mostly to the left of the E point; this pattern resembles the normal adult vector- 
cardiogram. Two examples of a larger counterclockwise twist are seen in M.H. 
and R.H. (Fig. 3). Transition is complete when only the counterclockwise loop 
remains (F.S. and T.M., Fig. 4). A schematic representation of the vector- 
cardiogram transition in the horizontal plane is depicted in Fig. 5. 

Our findings indicate that the transition from the normal neonatal pattern 
to the normal adult pattern begins at about four weeks and is advanced by the 
end of six weeks; further studies will be necessary to confirm this finding. The 
anatomic evidence cited above*-’ supports the idea that there is a small difference 
between the two ventricles during the first four to six weeks of life, the left ven- 
tricle being slightly heavier after two weeks. After four to six weeks the left 
ventricle grows much faster so that by seven to twelve months the adult left-to- 
right ventricular ratio of about 2:1 exists. (Schaffer® has quoted a weight ratio 
of left to right ventricle as 2.6:1 in the adult.) 

In no patient over thirty-one days of age with normal body development 
was “physiological right ventricular preponderance’ observed. Schaffer and 
Beinfield? have stated that the diagnosis of right ventricular hypertrophy in the 
newborn cannot be made during the first few weeks of life by a single electro- 


*The term adult-type is used because in the older infant the horizontal plane vector loop is more 
anterior than in the average adult. 
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cardiogram or vectorcardiogram but can often be made by a series of electro- 
cardiograms taken over a period of ‘‘weeks or months.’’ They have also stated 
that, since in the normal newborn infant the vectorcardiogram shows ‘‘physio- 
logical right ventricular preponderance,”’ the vectorcardiogram would not aid the 
clinical distinction between ‘physiological’? and pathologic right ventricular 
hypertrophy. By contrast, our data suggest that this distinction probably can 
be made by a single vectorcardiogram after thirty-one days of life. We have 
noted only one exception to this statement, namely, a boy infant (R.W.) who 
is not included in the present series. He showed the vectorcardiographic transi- 
tion at forty-two to forty-six days of age. Infant R.W. was of normal size and 
weight at birth, but his weight at forty-six days was less than his birth weight, 
and he exhibited evidence of general malnutrition and retarded body develop- 
ment. We believe that he may have had retarded development of the left and 
right ventricular ratio, thus accounting for the delay in the transition to the 
adult pattern. In contrast to this subject, we have observed an infant with 
hydrocephalus who had normal weight gain and body development and showed 
a normal vectorcardiographic transition. These observations suggest that a 
normal transition after thirty-one days may be correlated with general body 
development. 

L.B. (Fig. 6) shows the persistence of the figure-of-eight in the horizontal 
plane from thirty-nine days to fifty-one days, although at fifty-one days more of 
the loop extends to the left of the E point. Lamb and Dimond* have noted one 
figure-of-eight pattern in a four-week-old infant and stated that it was common 
from four months to six years of age. We have noted this figure-of-eight loop in 
seven of fourteen patients between six weeks and three months of age; two such 
patients (D.H. and R.P.) are illustrated in Fig. 4. However, this pattern oc- 
curred in only one of the ten patients from eleven months to two years of age. 

Lamb and Dimond? state that the figure-of-eight loop in the horizontal 
plane is not common in normal adults over twenty vears of age. We!® have 
observed only one adult (thirty-eight vears old) with a normal heart, a figure-of- 
eight loop in the horizontal plane, and incomplete right bundle branch block in 
the electrocardiogram. In a vectorcardiographic study of incomplete right 
bundle branch block, Lasser and associates" have noted this lesion in three differ- 
ent vectorcardiographic patterns, that is, by right ventricular hypertrophy, right 
bundle branch block, and a terminal appendage in the horizonta! plane without 
block. We are adding a fourth vectorcardiographic pattern for incomplete right 
bundle branch block, that is, a figure-of-eight loop in the horizontal plane. We 
speculate that this may represent a persistence of the figure-of-eight loop in those 
patients in whom the juvenile ratio of left-to-right ventricular thickness of less 
than 2:1 exists. 

We have noted a terminal appendage in the horizontal plane in four subjects: 
Two infants aged two months, one aged eleven months (R.P. in Fig. 4) and one 
child aged two years (T.M. in Fig. 4). This type of appendage has also been found 
in adults by Elek and co-workers!® and by Lasser and co-workers" in association 
with incomplete or complete right bundle branch block in patients with left 
ventricular hypertrophy. In*these adult patients," however, the appendage is 
oriented anteriorly, whereas in infants it is oriented posteriorly. 
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SUMMARY 


1. The resemblance of the normal neonatal vectorcardiogram to adult right 
ventricular hypertrophy is confirmed. Since this is a normal finding, the term 
“physiological right ventricular preponderance” is used. 

2. <A previously unnoted transition from “physiological right ventricular 
preponderance” to the normal adult vectorcardiogram is described. This con- 
sists of the development of a progressively larger counterclockwise twist in the 
horizontal plane until only a counterclockwise loop remains. 

3. This transition begins at about thirty days in the infant of normal weight 
and size. After this age, if the infant has maintained a normal weight, the pres- 
ence of a vectorcardiogram in the right anterior inferior octant with a clockwise 
horizontal plane loop probably indicates right ventricular hypertrophy. 

4. The significance of the figure-of-eight horizontal plane vector loop is 
discussed. 

We are grateful to Dr. Ed Krist for his financial assistance and to Dr. Joan Hodgeman, 


Pediatric Resident at the Los Angeles County Hospital, for her valuable cooperation. 


\DDENDUM 


We have studied nine additional infants from ten to fiftv-three davs of age. Eight of the nine 
infants were of normal weight and size. Specifically, four of them were over thirty days of age 
(thirty-four, thirty-nine, fourtv-four, and forty-six days); two had figure-of-eight and two had 
adult-type horizontal plane vector loops. Three infants were less than thirty days of age (ten, 
twelve, and twenty-two days) and showed “physiological right ventricular preponderance”’. 
One infant was studied at twenty, twenty-two, and thirty-four days and showed the transition 
observed in L.B. (Fig. 6) The ninth infant was emaciated and malnourished since the first 
week of life. A vectorcardiogram was taken at thirty-three and forty days and exhibited a de- 
layed transition at forty davs, thus resembling the malnourished infant, R.W. We have, there- 
fore, followed a total of five infants through the transition from “physiological right ventricular 


preponderance” to the figure-of-eight vector loop in the horizontal plane. 
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THE VECTORCARDIOGRAPHIC DERIVATION OF SCALAR LEADS 


ROBERT A. HELM, M.D. 


CINCINNATI, OHIO 


7 ARIOUS methods have been used to derive scalar leads from a vectorcardio- 

gram.'* The panoramic vectorcardiograph of Milnor and his associates 
performs this operation automatically and permits the spatial position of the 
axis of the derived lead to be read from two dials.’ A method based upon the 
principles of the panoramic vectorcardiograph but utilizing ordinary vector- 
cardiographic equipment has been devised and used in this laboratory. It is the 
purpose of this paper to describe the method, to point out its applications, and 
to state certain conclusions regarding basic vectorcardiographic theory which 


have been drawn from its use. 
THEORY 


The technique of derivation of a scalar lead (designated lead x) from the 
two component leads (designated leads 1 and 2) of a planar vectorcardiogram 
may be developed from the following equation: 


lead x = (1-q) lead 1 + q lead 2. 


This equation, the proof of which is given in the appendix, states that the 
derived lead is obtained by the algebraic addition of the two component leads 
and that its form is also modified by variation in amplification of these leads 
resulting from variation of the coefficients, (1-q) and q. If q= 0, lead x is identi- 
cal in form with lead 1. If q = 1, lead x is identical in form with lead 2. If q 
varies between 0 and 1, lead x takes a form varying between that of lead 1 and 
lead 2. This is equivalent to stating that the axis of the derived lead may be 
made to take any direction on the plane within the angle formed by the inter- 
section of the negative ends of component leads.* Moreover, it follows that if 
the polarity of lead 1 or of lead 2 or of both leads 1 and 2 is reversed, the axis of 
the derived lead may take any direction on the plane formed by the intersection 
of the component leads. 


From the Cardiac Laboratory, Cincinnati General Hospital, and the Department of Internal 
Medicine, College of Medicine, University of Cincinnati, Cincinnati, Ohio 
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*If the leads as taken do not actually intersect by the use of a common electrode, they may be 
considered to intersect because the principle of vector translation allows a vector to be moved in space 
provided its magnitude, direction and sense are not changed.! 
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The method of deriving a scalar lead from the three component leads (desig- 
nated 1, 2 and 3) of a spatial vectorcardiogram is based upon the following 
equation: 

lead x = (1—q: — qe) lead 1 + q; lead 2 + qp lead 3. 

Again leads 1, 2, and 3 are amplified by their respective coefficients and added 
algebraically to yield the derived lead. The quantities q; and q2 may have any 
positive values providing that their sum does not exceed unity. The axis of the 
derived lead may take any direction within the confines of the pyramid formed 
by the intersection of the axes of leads 1, 2, and 3 at their negative ends.* If the 
positive and negative polarities of leads 1, 2, and 3 are so chosen as to yield the 
eight possible combinations of the three component leads, the axis of the derived 
lead may be made to take any direction in space. 

The mean of the sum of the potential differences of two or more leads may 
be recorded by applying the outputs of the amplifiers for the respective leads 
simultaneously to a set of plates of a cathode-ray tube. If the amplified poten- 
tials of the component leads of a vectorcardiographic reference frame are thus 
connected to the plates, controlling vertical motion of the electron beam, and 
the output of a sweep generator is applied to the plates for horizontal movement, 
a scalar electrocardiographic tracing will be formed on the screen. The gain 
controls of each of the amplifiers may be adjusted to yield the desired relative 
coefficients of amplification and the lead polarities may be so chosen that the 
resulting tracing depicts the scalar form of the derived lead having any position 
on a plane (2 component leads) or in space (3 component leads). 


METHODS 
If the configuration rather than the absolute amplitude of the derived scalar 
lead is of primary interest, methods are available for the rapid analysis of a planar 
or spatial vectorcardiogram with multiple scalar leads: 


Method I for 2 Component Leads.—All possible configurations in a given 


plane may be obtained by the consecutive variation of the gain control of each 
of the two amplifiers through its full range while the other is at full gain. If these 
manipulations are performed with the four possible combinationsf of positive 
and negative polarities, the derived lead axis will rotate through a 360 degree 
angle. 

Method II for 3 Component Leads.—Ilf the gain of the amplifier for lead 3 is 
increased by small increments from zero to maximum and, if after each incre- 
ment, the gain control of each of the other two amplifiers (lead 1 or 2) is consecu- 
tively varied through its full range while the gain of the second amplifier (lead 2 
or 1, respectively), is at full gain, practically all of the possible lead axes within 
the pyramid formed by the three leads will be explored. The completeness of the 
exploration of this pyramid will be determined by the magnitude of the incre- 
ments of gain of the lead 3 amplifier. If these manipulations are carried out with 
the eight possible combinations{ of positive and negative polarities, the derived 
lead axis will be observed to pass through practically all of its possible positions 
in space. 

*See previous footnote (p. 519) 


tOnly two combinations are necessary if identical but reciprocal configurations are omitted 
tOnly four combinations are necessary if identical but reciprocal configurations are omitted 
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The following represents one possible method of calculating and designating 
the spatial position of a lead derived from the three components of a geometric 
spatial reference frame and is the one used in the illustrations. 

The azimuth is measured in degrees on the transverse plane with the anterior 
end of the anterior-posterior axis arbitrarily serving as the zero point. Azimuths 
lying within the left hemicircle of the body are designated as positive (0° to 180°) 
and those lying within the right hemicircle are designated as negative (—1° to 
—179°). The azimuth is calculated from the equation, tan,, = h/s, where tang, 
is the tangent of the azimuth, and h and s are the amplification coefficients of 
the horizontal and anterior-posterior (sagittal) leads, respectively. The altitude 
is measured in degrees on that vertical plane upon which the line of the derived 
lead lies. It refers to the smallest angle formed by the intersection of the line 
of the derived lead with the line formed by the intersection of the horizontal plane 
and the vertical plane just defined. When the line of the derived lead points in 
any direction on or below the horizontal plane, the altitude is considered as 
positive (0° to 90°), and when the line of the derived lead points in any direction 
above the horizontal plane, the altitude is considered as negative (—1° to --90°). 
The altitude is calculated from the equation, tan,; = v/ ¥h*® + s*, where tan,, Is 
the tangent of the altitude; and v, h, and s represent the amplification coefficients 
of the vertical, horizontal, and anterior-posterior (sagittal) leads, respectively. 


APPLICATIONS 


1. Since the details of the P, S-T, T, and portions of the QRS configura- 
tions are frequently obscure in a planar vectorcardiogram, these details may be 
completely studied by the rapid derivation of all of the possible scalar lead 
derivations by the use of Method I. Certain configurations may be photographed 
singly, or all of the changing configurations may be photographed on a uniformly 
moving film. 

2. Current electrocardiographic techniques utilize six derivations of the 
Einthoven frontal plane reference frame, conventionally depicted by the three 
standard leads and the three ‘“‘unipolar”’ extremity leads arranged at 30° intervals 
in the hexaxial diagram.’ Utilization of Method I for complete derivation within 
the angles formed by adjacent leads allows the six derivations to be extended 
to an infinite number. This method is of particular value in the more accurate 
determination of the positions of transitional zones from which the direction of 
mean manifest vectors may be obtained.® 

3. Scalar configurations representing derivations from two adjacent pre- 
cordial V leads may be obtained by the technique for two component leads 
(Method I). This is more convenient and rapid and may possibly give more 
information than the minute exploration of the precordium with small electrodes. 
The possibility that derivations from two adjacent precordial V leads, showing, 
respectively, rS and qR configurations and absence of an intervening transitional 
RS or QR, may yield information relative to the presence of an otherwise masked 
or indefinite anterior myocardial infarction is under study. In the normal 
subject the algebraic addition of a right precordial lead showing an rS or QS 
and a left precordial lead showing a qR or an Rs invariably yields an rS, RS, or 
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Rs configuration rather than a QR or Qr configuration. The latter derivation, 
however, has been observed frequently in anterior myocardial infarction. 

4. Current vectorcardiographic techniques must utilize wire models or 
stereoscopic methods to depict the simultaneous interaction of all three com- 
ponent leads of a spatial reference frame. Frontal, sagittal, and horizontal planar 
vectorcardiograms, even if recorded simultaneously, do not permit the study of 
three-dimensional electrical phenomena without time-consuming reconstruction 
of the spatial loop. Method II for the derivation of a scalar lead from a spatial 
vectorcardiogram along any spatial lead axis permits the simultaneous resultant 
of the three components to be visualized. 

5. Spatial vectorcardiographic lead derivation provides another method® 
for assessing the validity of the assumption that all leads record the potentials 
of a series of instantaneous resultant vectors without significant distortion result- 
ing from proximity of the electrode to the heart. Such a concept is a basic tenet 
underlying the practical application of vectorcardiography* and is generally 
considered to be opposed to the concept of “localized potentials’ which holds that 
a unipolar lead records predominantly the potential of a localized portion of the 
myocardium subjacent to the exploring electrode. 

If the theory of the resultant vector is assumed to be valid, a unipolar pre- 
cordial lead records the consecutive instantaneous dipole potentials projected 
on an actual or effective axis’ between the exploring electrode and the central 
terminal in the same manner that a lead formed by two electrodes remote from 
the heart records such potentials. Since the axis defined by the precordial 
electrode and the central terminal may, regardless of its position, be paralleled 
by the axis of a lead derived from the three components of a spatial reference 
frame, the degree to which the actual precordial lead may be duplicated by the 
derived lead provides a measure of the validity of the assumption that all leads 
record the potentials of consecutive instantaneous resultant dipoles without 
significant distortion from proximity of the precordial electrode to the heart. 

Typical examples of such studies are illustrated in Figs. 1, 2, and 3. The 
upper tracings are actual unipolar leads taken at the precordial positions desig- 
nated and visualized on the long-persistence screen of a cathode-ray tube after 
amplification with a Sanborn Viso-Cardiette. The lower tracings represent leads 
derived from the horizontal (lead A), anterior-posteriér (lead B), and vertical 
(lead C) components of the cube frame of Grishman and Scherlis.* The compo- 
nent leads were amplified by the three amplifiers of a Technicon Cardiograph, 
the outputs of which were simultaneously applied to a set of plates of a second 
cathode-ray tube having a long-persistence screen. The gain controls were 
adjusted to yield an optimal similarity between the actual and derived leads. 
The actual and derived scalar configurations were then photographed consecu- 
tively* during approximately the same phase of respiration on a short-persistence 
screen of a third cathode-ray tube. The spatial position of the derived lead was 
calculated, as described above, from the amplification coefficients of leads A, B, 

*The consecutively recorded tracings were approximately aligned when these illustrations were 
made. They cannot be used, therefore, to compare the time of occurrence of peaks and nadirs. In 


other similar studies an electronic switch has been used to place the actual and derived tracings on the 
same cathode-ray tube simultaneously so that their instantaneous potentials may be compared. 
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Fig. 1.—-Subject R. C. whose 12 lead electrocardiogram was interpreted as being normal. The 
actual precordial leads are above and the derived leads below Note the differences in the contours 
of the P waves and the differences in the T waves in Vy and V;. The amplification coefficients and the 
calculated spatial positions are given beneath each of the derived leads in this and in the remaining 
illustrations. See text. 
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Fig. 2 
Leads A, B, and C represent the horizontal, anterior-posterior, 
cube reference frame. The upper tracings are actual leads and 
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and C. This was done to rule out the possibility of grossly fortuitous similarity 
between actual and derived leads. 

In most instances there is, in general, a rather high degree of similarity 
between the actual and the derived P-QRS-T configurations. It should be noted, 
however, that when QRS and T waves are similar or practically identical, there 
are frequently striking differences in the P waves indicating that the auricular 
dipole center may have an anatomic location relatively distant from the ven- 
tricular center. Occasionally marked differences in T-wave contour are seen so 


Lead A LeadB Lead C 


P-2nd.1.S. P,-6th.Ls. Pe -6th. LS. 


-~A=10.3 A= 14.8 A= 16.1 
13.7 B= 5.6 
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Azimuth -37° Azimuth 39° Azimuth 71° 
Altitude O° Altitude O° Altitude 15° 


Fig. 3.—J. J.'’s complete 12 lead electrocardiogram was interpreted as showing a nonspecific T-wave 
abnormality. The actual and derived QRS and T configurations differ only in minor details in the three 
unipolar chest leads illustrated, 


that an abnormality would be predicted from one but not from the other of the 
lead configurations. Much less striking are differences in the contours of the 
QRS complexes, but it will be noted that notching occasionally does not occur at 
the same points on the QRS complexes. It becomes obvious, therefore, that, while 
the spatial vectorcardiograph records most of the details present in precordial 
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leads, certain distortions resulting from proximity are often present in the latter 
and that occasionally these distortions may have diagnostic importance. In 
acute anterior myocardial infarction the extremely marked S-T segment elevation 
often seen in favorably situated precordial leads frequently cannot be duplicated 
by any combination of three remote perpendicular leads. The same holds true 
for T waves which are disproportionately larger than QRS complexes in precordial 
leads but not in three remote perpendicular leads. Mere inspection of the 
P-ORS-T configurations of published component leads recorded with the cube 
frame together with those of semidirect leads* indicates that, when the equations 
for deriving a scalar lead are kept in mind, considerable proximity distortion, of 
potentially diagnostic value, is sometimes present in semidirect leads. This is 
particularly striking the more closely the heart is approached with the exploring 
electrode. One could not hope, for example, to obtain from a vectorcardiogram 
the wealth of P-wave detail available in esophageal leads taken at auricular level 
since the magnitude of P waves in such leads often approaches that of QRS 
complexes.*:* Moreover, it has been noted repeatedly that, when the gain 
controls have been adjusted to yield an excellent resemblance between actual and 
derived leads, the chance occurrence of a ventricular ectopic beat produces QRS-T 
complexes which are invariably quite dissimilar in the two tracings. Such an 
observation provides graphic evidence of the limitations of the assumption that 
the heart is, for practical purposes, a point source of dipole current. 


DISCUSSION 


Continuing experience with the derivation of scalar leads from spatial 
vectorcardiograms has convinced the author that presently available vector 
techniques do not approach in efficiency and, therefore, will not replace multiple 
exploratory semidirect leads in the diagnosis of relatively small focal myocardial 
lesions. On the other hand the appreciation of the concept of instantaneous 
mean spatial vectors is invaluable in the interpretation of multiple exploratory 
leads, whether these be taken on the body surface, in body cavities, or in cardiac 
chambers. <A vectorcardiogram or an electrocardiogram subjected to vector 
analysis,'® might be considered to give the electrocardiographer a general or 
distant view of the electrical field of the heart and to provide the guide for the 
integration of close-up views, provided by multiple semidirect leads, into an 
over-all intelligible picture. The concept of instantaneous resultant vectors 
does not stand in opposition to the concept of localized potentials; both concepts 
are fundamentally valid and, in their application, should complement each other 
in a manner analogous to the use of the low and high power lenses of a microscope. 

The vectorcardiographic derivation of scalar leads also points up the im- 
portance of the direction of rotation of the vector loop or its counterpart, the 
relation of the time of occurrence of homologous peaks and nadirs in component 
leads."' Direction of rotation determines whether a derived transitional QRS 
complex will demonstrate an RS or a QR configuration. The implications in 
relation to myocardial infarction are obvious, but this diagnosis may not always 
be apparent from a vector loop formed by leads taken at such distances from the 
heart that details are obscured. However, it seems reasonable that this general 
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technique for the study of the temporal relation of homologous peaks and nadirs 
by formation of a loop or by multiple lead derivations, may have practical utility 
if applied in selected cases to precordial leads, as outlined in application 3. Pre- 
liminary studies are encouraging, but the author can only speculate at present 
as to the ultimate value of this procedure. 


SUMMARY 

1. Methods for the derivation of scalar leads from the two component leads 
of a planar vectorcardiogram and from the three component leads of a spatial 
vectorcardiogram are described. The derivation of the general equation upon 
which the methods are based is given in the appendix. 

2. Certain advantages of studying planar or spatial vectorcardiograms by 
means of multiple scalar lead derivations are pointed out. As a corollary it is 
shown that the conventionally recorded standard and unipolar extremity leads 
represent only six of the infinite number of lead axes which may be rapidly ob- 
tained from the Einthoven system of electrode placement. 

3. The application of the method of scalar lead derivation to the study of 
the relative validity of the theory of single instantaneous vectors versus the theory 
of localized potentials is described, illustrated, and discussed. It is concluded 
from the results of such studies that both concepts are essentially but not com- 
pletely valid and that a system of electrocardiographic interpretation in which 
both concepts are applied in a complementary fashion must logically be superior 
to any system which completely excludes one or the other. 

4. <A possible application of the algebraic addition of the scalar configura- 
tions of two adjacent precordial leads in the diagnosis of small focal myocardial 
lesions is suggested. The practical usefulness of this procedure requires further 
study. 

APPENDIX 

The general formula for the derivation of a lead from n component leads may be developed 
as follows: 

Consider points 0, 1, 2, 3 n, the absolute potentials of which are Eo, E:, Es, Es, ee 
respectively. Let points 1, 2, 3, n be connected through resistances Ri, Re, Rs, ..R, and 
let Ex represent the absolute potential at this junction. Then, from Equation 6 of the paper of 
Cronvich and associates!? which expresses Millman’s network theorem, !* 


E, E En 
R, R» R R 
1 1 
4 4 
R, R Ik Re 
(RoR; + (RiR R,) (RiR Es + (RRR Reus) 
Ex - 
(RoR R, + R + (RR R (Ry ReR 
Let (RR Ra») + (RR R,) + (RiR R Ri RoR R 
Then 
R (RR R,) — (RiR - (RiR R, 
Ex E, + + 
R R 
(RiR Ka) (Ry RoR 
I 
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R R 
Substituting and subtracting Ey from each side, 
Ex—Eo = (E:.-Eo) + qr (E2-E1) + qe (Es-E,) 4 Gane 


From Kirchoff’s law, 


E2— E; (E2 E (E,-E, 

E; — E, (E; — Eo) (E,-E 

E,— (E, E (E,-E 
lheretore, 

Ex — E, net) (Ei— Eo) + qr Eo) + qe (Es— Eo) 4 (Eqg— Eo). 
Let 

Ex E, lead x 

ky E lead 1 

E lead 2 

E E lead 3 

En E lead n 
where lead x is the lead derived from the component leads 1, 2, 3, n. 


By substitution, 
lead x = (1—qi-q@ Gn-1) lead 1 + qi lead 2 + qe lead 3 4 Gu-1 lead n. 


rhis represents the general formula from which the specific equations used in the paper are 


taken. 


? 


It is not necessary that lead x and leads 1, 2, 3, n actually pass through a mutual point, 0. 


Since a vector may be moved in space, providing that its magnitude, direction, and sense are 
not changed, these lead axes can be made to pass through a mutual point by means of vector 


translation. 


wn 
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THE EFFECTS OF EXERCISE AND SMOKING ON THE ELECTRO- 
CARDIOGRAMS AND BALLISTOCARDIOGRAMS OF NORMAL 
SUBJECTS AND PATIENTS WITH CORONARY 
ARTERY DISEASE 


FRANK W. Davis, Jr., M.D.,* Wa. R. ScarsporouGu, M.D.,* R. E. Mason, 
M.D., M. L. SINGEWALD, M.D., AND B. M. BAKER, Jr., M.D. 


BALTIMORE, Mb. 


, apatmcracaagiie' application of the ballistocardiograph to the diagnosis of 
coronary atherosclerosis has demonstrated clearly the limitations of this 
technique when used alone.!? The high incidence of abnormal ballistocardio- 


grams in older ‘‘normal’’ persons limits the value of this method in persons over 
the age of 50.! The relative frequency of normal records in those under 50 who 
have clinical evidence of coronary artery disease likewise impairs the diagnostic 
usefulness of this instrument.! 

In an attempt to extend the clinical value of the ballistocardiograph we have 
investigated a number of ‘‘stress-eliciting’’ procedures, seeking selectivity of 
ballistic response which might further delineate the clinically normal person from 
the patient with angina pectoris and/or remote myocardial infarction. It is 
the purpose of this report to describe the results of preliminary studies of the 
ballistocardiographic and electrocardiographic responses to exercise and to 


‘stress”’ 


cigarette smoking. For the sake of clarity, the response to each form of 
will be presented and discussed separately. 


METHODS AND MATERIALS 


All subjects were studied on a high-frequency undamped ballistocardiograph 
in a manner previously described. Twelve lead electrocardiograms were ob- 
tained in the conventional manner. Each subject was studied after a 15 to 20 
minute rest, but without regard to meals or previous activity. For exercise the 
two-step test was employed, using the Master tables for quantitation of exercise.’ 
Electrocardiograms and ballistocardiograms were performed in the resting state. 
After exercise was completed, an electrocardiogram was obtained immediately, 
in three, and in five minutes. Ballistocardiograms were obtained one, four, six, 
and ten minutes after completion of the steps. 
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The electrocardiographic response was evaluated on the basis of Master’s 
criteria.’ Normal persons were subjected to a double test first, and if this were 
positive a single test was then performed. Patients with disease of the coronary 
arteries were subjected to a single test, and if this were negative, a double test 
was carried out. Patients with abnormal resting electrocardiograms were not 
excluded provided the abnormality would not interfere with the interpretation 
of the test. 

The ballistocardiographic exercise test was considered positive if a normal 
record became abnormal, or an already abnormal one became distinctly more so. 
The response was considered borderline if inspiratory complexes remained essen- 
tially unchanged, but deterioration of expiratory complexes occurred. Records 
in which deterioration failed to occur were classified negative. The ballisto- 
cardiogram obtained one minute after exercise was often distorted by respiratory 
artifact and tremor, making evaluation impossible, and for this reason only the 
records taken at four, six, and ten minutes were considered. 

The cigarette test consisted of first obtaining a control ballistocardiogram, 
electrocardiogram, and blood pressure, and then having the subject smoke a 
standard brand cigarette. The subject smoked at his own rate, and although 
all were asked to inhale, many, especially nonsmokers, refrained from doing so. 
Ballistocardiograms, electrocardiograms, and blood pressure readings were 
obtained immediately and five minutes after the completion of smoking. The 
test was evaluated on the basis of the effects of smoking on ballistic form, and a 
negative, borderline, or positive result was recorded. A response was considered 
negative if significant deterioration of form failed to occur. If there were definite 
deterioration of the majority of complexes, the test was considered positive. 
Deterioration of expiratory complexes only was considered a borderline response. 

In order to determine the importance of nicotine in the production of the 
cigarette effect on the ballistocardiogram, ten subjects were given pure nicotine 
and the effect on the ballistocardiogram observed. In an effort to approximate 
the rate of nicotine absorption during the smoking of a cigarette, nicotine was 
given in divided doses over a five-minute period. One-half of a mg. of nicotine 
base (adopted from values obtained by Burn and associates)* as nicotine acid 
tartrate was dissolved in 2.0 c.c. of 35 per cent alcohol and 0.5 c.c. syrup of wild 
cherry added to modify the taste. This solution was administered sublingually, 
0.5 c.c. (or 0.1 mg. nicotine base) each minute for 5 minutes. Blood pressure 
was recorded every 30 seconds. Ballistocardiograms and electrocardiograms were 
obtained before, immediately, and 5 minutes after the last dose. The changes 
observed in the ballistocardiograms were compared with those observed in the 
records from the same subject during a cigarette test. 

Both the exercise and smoking groups contained 200 subjects. Frequently 
both procedures were performed, but the groups were not identical. Control 
subjects were selected by criteria previously reported® and were to a large extent 
members of the hospital staff. The coronary artery disease group was composed 
of patients who were thought unquestionably to have angina pectoris or to have 
experienced a myocardial infarction and were selected by previously outlined 


criteria.’ 
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Among the 200 persons subjected to the exercise test, 114 were normal 
controls, and eighty-six were patients with coronary disease. Ages ranged from 
25 to 68 in the controls, with an average of 46.5, and there were three men to 
each woman. The patients ranged in age from 29 to 71, with an average of 49.0, 
and there was approximately 4:1 dominance by men. 

Of the 200 subjects who performed the cigarette test, 118 were controls, and 
eighty-two had coronary artery disease. The normal persons ranged in age from 
25 to 74 years, with an average of 47.7, and 3:1 preponderance of men. The 
patients ranged in age from 29 to 68, with an average of 49.0, and there was 5:1 
preponderance of men. Age distribution of all groups can be seen in the accom- 
panying figures. 


THE EFFECT OF THE "TWO STEP” EXERCISE TEST ON THE EKG & BCG 


AGE GROUP; 20-39 40-49 50-59 >59 20-39 40-49 50-59 >59 


NO. 28 40 29 \7 _ 35 24 13 
100 


90- ‘rositive" exc RESPONSE 


ZArositive" BCG RESPONSE 


705 


NORMAL CONTROLS CORONARY ARTERY DISEASE 


Fig. 1.—The incidence of positive single and/or double two-step tests for the electrocardiogram and 
ballistocardiogram in the four age groups. Normal subjects are plotted on the left, patients with coro- 
nary artery disease on the right. (The difference between normal and diseased groups is significant for 
both electrocardiogram and ballistocardiogram in all decades over the fifth: the difference in ballisto- 
cardiographic response is also significant in the fifth decade.) Significance in this and subsequent figures 
indicates that the difference /standard error of the difference exceeds 2 


RESULTS OF THE EXERCISE TEST ON THE BALLISTOCARDIOGRAM 


Figure 1 summarizes the findings in 200 subjects, who performed either the 
single or double Master test or both, and is self-explanatory. The total incidence 
of positive ballistocardiographic responses in the normal group was 7.9 per cent. 
In contrast, 31.4 per cent of those with coronary disease had positive tests. As 
can be seen in Fig. 1, there is a trend of increasing frequency of positive response 
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with increasing age, similar to that seen in the frequency of abnormal resting 
ballistocardiograms in both controls and patients.' The positive tests occurred 
almost entirely in men in the control group, although there was no sex distinction 
in those with coronary disease. The presence of an abnormal resting ballisto- 
cardiogram had little influence on the ballistic response to exercise, as can be 


seen in Table I. 


I. THe INCIDENCE OF PosITiVE ELECTROCARDIOGRAPHIC AND BALLISTOCARDIOGRAPHIC 
Two-Step Tests IN NORMAL SUBJECTS AND IN PATIENTS WITH CORONARY ARTERY DISEASE 


POSITIVE ECG TESTS POSITIVE BCG TESTS 
GROUP (%) (%) 
I Normal control subjects 

\. Resting ECG—Normal 22.8 7.9 
B. Resting BCG—Normal 7.4 
Abnormal 10.5 

Il. Patients with coronary disease 
\. Resting ECG—Normal 52.4 31.8 
Abnormal $2.5 30.4 
B. Resting BCG—Normal 37.0 23.9 
Abnormal 65.0 10.0 


BC G— ballistocardiogram; 


RESULTS OF THE EXERCISE TEST ON THE ELECTROCARDIOGRAM 


The electrocardiographic exercise test was positive in 22.8 per cent of the 
normal controls. Normal women showed a far higher incidence of positive 
tests than did the men; actually 45.5 per cent of the normal women had _ positive 
tests, as contrasted to 13.6 per cent of the control men. As can be seen in Fig. 1, 
there is no definite age trend in the normal group. 

Fifty per cent of the subjects with coronary artery disease reacted positively 
to exercise by the electrocardiogram. This figure is maximal, since double tests 
were performed if a single one were negative. Again, women showed a signifi- 
cantly higher incidence of positive tests; 64.2 per cent of the women in the disease 
group had a positive electrocardiographic response as compared with 46.3 per 
cent of the men. Like the control group, there was no age trend in the coronary 
artery disease patients. 

In order to assay the maximal diagnostic value of the exercise test, a com- 
bined scheme was utilized. It included abnormality of either the resting or post- 
exercise ballistocardiogram or electrocardiogram or both. Figure 2 shows the 
result of this approach when the figures were plotted by age decades. It is 
apparent that the ‘‘diagnostic’’ yield is high in the group with coronary artery 
disease. All persons in this group over the age of 50 were “abnormal” by at 
least one of the techniques considered. On the other hand, the incidence of 
“abnormality” in the normal control group, plotted on the left side of Fig. 2, is 
likewise quite high. The total incidence of abnormality in the normal group for 


532 


DAVIS ET AL.: EXERCISE AND SMOKING EFFECTS ON ECG AND BCG 533 


all ages is 38.6 per cent and that for the coronary artery disease group is 83.7 
per cent, a discriminatory ratio of approximately 1:2. 


In order further to evaluate the electrocardiographic exercise test and to 
correlate this test with resting electrocardiographic and _ballistocardiographic 
abnormality, the incidence of positive responses to exercise was determined for 
each of four groups, i.e., those with normal or abnormal resting electrocardio- 
grams, those with normal or abnormal resting ballistocardiograms. The results 
of these determinations are shown in Table I. 


ABNORMAL EKG BCG AT REST AFTER EXERCISE 


AGE GROUP 0-39} [40-49] [50-59] >59 20-39] |40-49| [50-59] [>59 
NO. 28 40 29 17 14 35 24 
100 100 
| 
907 90 + | 
80 + | 80-4 
70 4 70 
604 60 
%  §07 % 50 
40 
30 
20 
10 
NORMAL CONTROLS CORONARY ARTERY DISEASE 


Fig. 2.—The incidence of abnormality of the electrocardiogram or ballistocardiogram either at rest 
or after exercise, plotted by age-decades. (The difference between normal and patient groups is signifi- 
cant in each decade.) 


DISCUSSION OF THE EXERCISE TEST 


Widely divergent opinions have been expressed regarding the value of the 
two-step test and particularly regarding the validity of the criteria of positive 
or negative electrocardiographic tests. The ballistocardiographic exercise test 
as a diagnostic method is newer, but experience with it has been reported by 
several groups of observers. Heretofore all observers have been concerned with 
rendering the normal control record abnormal with exercise, rather than with 
observing changes in the control ballistocardiogram regardless of its form. 
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Mandelbaum and Mandelbaum® studied 224 patients with angina pectoris before 
and after exercise. Eighty-nine per cent had abnormal ballistocardiograms at 
rest, and less than 1 per cent remained normal after exercise. In an earlier paper 
these same investigators reported the usefulness of the exercise test in clinical 
ballistocardiography.* Taymor and associates'’ published similar results (83 per 
cent abnormal at rest, 93 per cent after exercise) in a group of patients who were 
selected because of a positive electrocardiographic exercise test. In their group 
of subjects whose electrocardiographic response to exercise was negative, 16 per 
cent had abnormal ballistocardiograms at rest, and 24 per cent after exercise. 
The direct-body pickup ballistocardiograph was employed by both groups of 


investigators. 


The ballistocardiographic exercise test in the present study, when considered 
in terms of a change in form after exercise, vields relatively limited information. 
The low incidence of positive tests (31.4 per cent) in the group with established 
coronary artery disease is not sufficiently high to make the procedure a routine 
really worthwhile. The differential margin between diseased persons and appar- 
ently normal controls is only 4:1, which seems inadequate for satisfactory diag- 
nostic differentiation. It is true that there were no positive exercise tests under 
the age of 40 in the control group, and therefore a positive test under this age 
might well have significance. 


It is not our intention to review the voluminous literature on the electro- 
cardiographic exercise test. It is sufficient to point out that in the present study 
the electrocardiographic response according to Master's criteria was positive in 
one of four normal controls. This figure is far higher than that reported by 
Scherlis and associates'' for single and double tests in normal subjects (6.5 per 
cent). Others have likewise found a higher incidence of positive tests in normal 
subjects than the Mt. Sinai group. Thomas’” data would suggest that 18 
per cent of the normal persons had positive tests, Lepeschkin and Surawicz report 
16 per cent,’ and Mattingly 15 per cent.’ Furthermore, only 50 per cent of 
our group with coronary artery disease had positive tests using the same criteria. 
The ratio of positive tests in normal subjects and patients is, therefore, only 1:2. 
This is in distinct contrast to an opinion voiced by Master, who states that ‘‘We 
believe that negative (two-step) tests practically exclude coronary artery disease 

when the single two-step or the double two-step exercise electrocardiogram 
is abnormal, coronary insufficiency is almost always present.’ In order to 
eliminate the positive tests in the normal control group, the criteria of positivity 
would necessarily have to be extended, with the upper limit of normal S-T 
segment displacement being 1.5 mm. If this were done, the yield of positive 
tests in the disease group would significantly decrease, and the diagnostic value 
of the procedure would lessen considerably. On the other hand, with more rigid 
criteria (namely, 1.5 mm. S-T segment depression or definite T-wave reversal), 
a positive test would have considerably greater significance. If the Master cri- 
teria are to be used, it is essential that the discrepancies in reports on the incidence 
of positive tests in normal persons be clarified. In the meantime those who use 
the Master criteria should be aware that such discrepancies exist. 
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RESULTS OF THE CIGARETTE TEST* 


Figure 3 shows graphically the results of the cigarette test in 200 subjects. 
Of the normal control subjects, 6.8 per cent had a positive test. All with positive 
response were men, one-half were over 60 years of age, and one-half were non- 
smokers. Below the age of 60 only 4.2 per cent had a positive response. Of all 
subjects in the control group, 81.3 per cent showed no change after smoking 
and were classified as negative. The pre- and post-smoking records from a normal 
subject with a negative test are shown in Fig. 5 (II] 


THE BALLISTOCARDIOGRAPHIC CIGARETTE TEST 


AGE Group [20-391 [40-49 [50-59] [>59 20-39] [40-49 50-59 |>59 | 
NO. 28 37 30 23 ia | | 3 | 13 
907 90 4 | 
| 
| 
80} | 80 4 
70- 704 | | 
| 
60 4 60 
% % 50 
40 + 40 
304 30 
204 20 
10 + » 10 
0 
NORMAL CONTROLS CORONARY ARTERY DISEASE 


“Positive” "BORDERLINE" 


Fig. 3.—-The incidence of positive and borderline responses of the ballistocardiogram to smoking a 
cigarette in normal subjects and in patients with coronary artery disease The difference between 
normal and diseased groups is significant in each decade 


In contrast, 58.6 per cent of the group with clinical coronary artery disease 
had distinctly positive tests. Figure 5 (I and I1) shows the response of two repre- 
sentative cases. Only 25.6 per cent of this group had negative tests. As was seen 
with the exercise test, there is a tendency for frequency of positive response to 
increase with increasing age, a trend which is clearly shown in Fig 3. The in- 
fluence of resting ballistocardiographic abnormality is shown in Table II. 

*Only the ballistocardiographic results are considered, since the electrocardiogram was altered 


significantly, i.e., with more than minor decrease in T-wave amplitude, in only 1.5 per cent of the entire 
group of 200 persons studied. 
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TABLE II. THE INCIDENCE oF PosttivE BALLISTOCARDIOGRAPHIC CIGARETTE TESTS IN 
NORMAL SUBJECTS AND IN PATIENTS WitH CORONARY ARTERY DISEASE 


POSITIVE CIGARETTI BORDERLINE CIGARETTE 
GROUP TESTS rESTS 
(%) (%) 
I. Normal control subjects 

Resting BCG—Normal 5.6 Ee: 
Abnormal 10.3 13.8 

II. Patients with coronary disease 
Resting BCG—Normal 50.0 16.6 
Abnormal 67.5 15.0 

RESP 


BCG 
A 


Fig. 4 The effects of myocardial ischemia on the ballistocardiogram. This series of tracings is 
shown because of the clear demonstration of the changes in ballistic form which occurred during a 
spontaneous attack of angina pectoris which developed while the ballistocardiogram was being obtained. 
The sequence of ballistic form changes observed in this subject is similar to that which occurs during a 
positive cigarette test. The subject was a 62-year-old man with severe coronary insufficiency and 
angina pectoris. A. Control ballistocardiogram, showing some slurring of J and J, with rounding and 
shortening of K. B. Ballistocardiogram obtained while subject experienced pain. Gross deterioration 
is apparent, with short to absent I waves, distorted J and K, and relatively prominent diastolic waves. 
C. Ballistocardiogram 9 minutes after relief of the pain by nitroglycerine. Form is in general similar 


to that of the control record 


Fig. 5.—The effects of cigarette smoking on the ballistocardiogram. I. A. Control record from a 
51-year-old man with angina pectoris; B. Ballistocardiogram immediately after smoking. Amplitude 
decreases, the H wave shows relative augmentation, while | and J are shortened and rounded. Blood 
pressure rose from 114/80 to 122/88 mm. Hg. This represents a positive test. 

II. A. Control ballistocardiogram from a 50-year-old man with angina pectoris and hypertension. 
The G and H waves are considerably 


B. Ballistocardiogram immediately after smoking a cigarette. 
This is a positive cigarette test. 


accentuated, J shortened, producing many ‘“‘early-M-like’’ complexes. 
Blood pressure rose from 176/106 to 204/120 mm. Hg. 

Ill. A. Control ballistocardiogram from a healthy 55-year-old man, a physician. B. 
immediately after smoking. No significant change is apparent. This is a clearly negative cigarette test. 


Record 


B 


B 
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The nature of the ballistocardiographic changes after smoking varied con- 
siderably not only from subject to subject but also from complex to complex in a 
given individual. Despite the variation certain trends could be identified. There 
was usually an increase in the respiratory variation, not only in amplitude but 
in form, with the expiratory complexes showing more profound deterioration. 
In general, the G and H waves became relatively higher, while I and J often were 
shortened, rounded, or otherwise distorted. This resulted commonly in the 
appearance of early-M-like complexes, and the distortion of J led sometimes to 
the appearance of late M's. The K wave was sometimes deepened, sometimes 
shortened and deformed, with the former occurring more often in hypertensive 
subjects. Diastolic waves frequently increased relatively in amplitude. In 
general, the amplitude of all waves tended to decrease although occasionally 
the reverse occurred. 

In general, positive tests were more frequent in nonsmokers than in habitual 
smokers, in both the control and coronary artery disease groups, but the differ- 
ence was not striking. Inhalation or noninhalation did not play an important 
role as far as positive or negative responses were concerned. There was no 
correlation between ballistocardiographic responses and changes in blood pressure 
or pulse rate. 

Response to the administration of nicotine sublingually was similar, in 
general, to that of the cigarette test. The same basic alterations of form were 
noted in each subject in whom this procedure was carried out, although quanti- 
tative differences were observed. Some subjects responded with more marked 
ballistocardiographic change tu smoking, others to nicotine sublingually, but the 
similarity of response was sufficient to verify the role of nicotine as the probable 
cause of the physiologic alterations which occur in the ballistocardiogram with 
smoking. Figure 6 shows a representative series of records from a subject with 
coronary artery disease. 

In a small number of subjects, an attempt has been made to prevent ot 
abolish the cigarette effect. In some instances nitroglycerine reversed the 
response. Further studies on the effects of sympathetic blocking agents, as well 


as vasodilators, are currently in progress. 


DISCUSSION OF THE CIGARETTE TEST 


The effects of cigarette smoking and of nicotine administration on the 
cardiovascular system have been well documented and need not be repeated 
here.'*-'* That smoking causes peripheral vasoconstriction, often elevates the 
blood pressure, and increases the pulse rate is generally accepted. Furthermore 
smoking exerts a deleterious influence on at least some persons with coronary 
artery disease,'’*° and clinical improvement has often been observed when 
tobacco abstinence was practiced. It is not the purpose of this report to evaluate 
this aspect of the tobacco problem, but rather to document the cigarette effect 
on the ballistocardiogram and to suggest its potential diagnostic value. 

The effects of cigarette smoking on the ballistocardiogram have not been 
extensively studied. In 1951 Dock®! commented on the ballistic deterioration 
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elicited by cigarette smoking. This was followed by a formal report from his 
laboratory by Caccese and Schrager* who reported increased respiratory varia- 
tion or changes in ballistic form in eighteen of thirty-one subjects, studied with a 
direct-body pickup before and at intervals up to 20 minutes after smoking. 
‘‘Severe’’ changes occurred in seven of these subjects, four of whom were normal, 
two of whom had Buerger’s disease, and one of whom had sustained previously 
a myocardial infarction. One subject was given pure nicotine alkaloid, which 
produced a marked systemic reaction and definite ballistocardiographic deteri- 
oration. 


RESP. EXP _, 


Fig. 6.—The effects of oral nicotine on the ballistocardiogram. The subject was a 53-year-old man 
with angina pectoris. A. Control ballistocardiogram, which is slightly abnormal, because of short I, 
and relatively deep K waves. Blood pressure 176/104 mm. Hg. 3B. Ballistocardiogram immediately 
after smoking a cigarette. Form is grossly abnormal, with relatively prominent G and H waves, small 
distorted I and J, resulting in ‘‘early-M-like’’ complexes. Blood pressure 180/106 mm. Hg. C. Ballisto- 
cardiogram after the sublingual administration of 0.5 mg. nicotine base (as nicotine acid tartrate) in 
0.1 mg. doses over a five-minute period. Note the general similarity to the postsmoking record. Blood 
pressure 186/112 mm. Hg. 


Mandelbaum and Mandelbaum, also utilizing an electromagnetic direct- 
body method, investigated ‘‘nicotine sensitivity’’.2> Of fifty normal subjects, 
28 per cent responded abnormally to smoking. All of these “positive tests’’ were 
in subjects below the age of 40. In persons with heart disease the incidence of 
positive tests was ‘‘more than twice this.” Those patients with coronary artery 
disease or hypertension .whose ballistocardiograms showed significant post- 


= 
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smoking changes were asked to abstain from the use of tobacco. In many of these 
there was definite subjective improvement, not infrequently accompanied by 
progressive ballistocardiographic improvement as well. 

The potential usefulness of the ballistocardiographic response to smoking 
as a diagnostic procedure was suggested to us by Henderson,” who was at that 
time working in Starr’s laboratory. He had noted a rather striking tendency for 
the ballistocardiograms of patients with coronary artery disease to deteriorate 
alter smoking, in contrast to the usual absence of change in normal subjects. 

The results of the present study suggest that the procedure has potential 
diagnostic value, inasmuch as only 6.8 per cent of normal controls responded 
ballistocardiographically to a cigarette in an abnormal fashion, in contrast to 
58.6 per cent of patients with clinical evidence of diseased coronary arteries. 
This differential margin of 9:1 is more discriminating than any other objective 
method known to us which separates patients with overt coronary disease from 
controls. A single exception to this is the electrocardiographic detection of myo- 
cardial infarction. The cigarette test is not the final answer to the problem of 
objectivity in the diagnosis of coronary artery disease, since approximately 40 
per cent of our patients with this disease had normal or borderline responses to 
smoking, and approximately 7 per cent of clinically normal persons responded 
abnormally. The possibility that those normal persons who responded with 
ballistic deterioration have significant coronary atherosclerosis is real, since all 
were men, and one-half were over 60 vears of age. The course of these persons 
during the ensuing vears will be followed with great interest, in order to ascertain 
whether clinical evidence of angina pectoris or myocardial infarction will occur 
more frequently in them than in the normal controls whose cigarette tests were 
negative. 

Explanation of the selective deterioration of the ballistocardiograms of per- 
sons with coronary artery disease is obscure. It seems possible that the reaction 
is a quantitative one in which the presence of atherosclerosis and nicotine effect 
are additive. On the other hand, it is also possible that the person with this 
disease is physiologically more sensitive to the effects of this drug, in a manner 
analogous to the vascular sensitivity in thromboangiitis obliterans. 

The basis for the nicotine effect on the ballistocardiogram can only be 
hypothesized. The effects of nicotine on the coronary arteries are not sufficiently 
well known to state with certainty that constriction occurs.”* On the other hand, 
nicotine has been shown to stimulate the release of antidiuretic hormone from the 
posterior pituitary,® and Pitressin exerts a well-recognized coronary artery con- 
stricting effect. It is possible to explain the ballistic alteration on the basis of 
such an indirect action. This hypothesis could be clarified further by investi- 
gating the response to smoking of persons who have both coronary artery disease 
and diabetes insipidus. At present we have studied only one subject with 
diabetes insipidus, who apparently did not have coronary artery disease, and he 
responded negatively. Other avenues of approach are currently under study, 
such as the comparative ballistic alterations after cigarette smoking, nicotine 
administration, and Pitressin administration. 
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Whatever its ultimate meaning, ballistocardiographic study of patients 
before and after smoking a cigarette seems to differentiate normal persons from 
those with coronary artery disease more adequately than other available means 
of study. It should be emphasized again that these studies were carried out on a 
high-frequency bed ballistocardiograph, and we have had no similar experience 
with the direct-body method. 


SUMMARY 


1. The response of the electrocardiogram and ballistocardiogram to exercise 
and smoking in 200 subjects has been reported. 

2. The ballistocardiogram in 7.9 per cent of normal control subjects and in 
31.4 per cent of patients with coronary artery disease deteriorated after exercise. 

3. The electrocardiographic response to exercise was positive by Master's 
criteria in 22.8 per cent of normal controls, and in 50 per cent of the subjects with 
angina pectoris or remote myocardial infarction. 

4. The diagnostic margin of differentiation between diseased persons and 
normal controls obtained by the ‘“‘stress’’ of exercise was 4:1 by the ballisto- 
cardiograph and 2:1 by the electrocardiograph. 

5. The ballistocardiogram in 6.8 per cent of normal control subjects and 
in 58.6 per cent of patients with coronary artery disease deteriorated after 
smoking a cigarette. 

6. The diagnostic margin obtained with the cigarette test was 9:1. 

7. Administration of 0.5 mg. of nicotine base sublingually elicited ballisto- 
cardiographic alterations which were similar to those observed after smoking 
in 10 subjects. 


CONCLUSIONS 


1. The diagnostic value of the ballistocardiographic two-step test is limited. 
The difference between the incidence of positive tests in patients with coronary 
artery disease and in presumably normal controls is too small to be of importance 
in diagnosis. 

2. Contrary to expectation, only twice as many patients with coronary 
artery disease as normal control subjects reacted positively to the two-step 
electrocardiographic test. 

3. Of all objective tests employed in this study the ballistocardiographic 
cigarette test served best to differentiate patients from control subjects (9:1). 

4. The causes of the changes in the ballistocardiogram after cigarette 
smoking are not known. It is suggested that the effect may be the result of nico- 
tine action on the hypothalamic-posterior pituitary axis, with resultant release 
of Pitressin, which acts as a vasoconstrictor. Whether the ballistic change is 
primarily dependent upon generalized vasoconstriction, coronary constriction, 
or direct myocardial effect is not clear at present. 

5. It is not the purpose of this report to suggest the routine use of the 
cigarette test as a diagnostic procedure in patients, but rather to encourage 
further investigation of the effects of smoking and nicotine on the cardiovascular 
functions studied by analysis of the form of the ballistocardiogram. 
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VARIATIONS OF FORM OF T WAVES IN AURICULAR FLUTTER AND 
AURICULAR FIBRILLATION, ASSOCIATED WITH 
CHANGES OF RATE 


D. ScHERF, M.D., AND S. BLUMENFELD, M.D. 


New York, N. Y. 


-WAVE changes of the ventricular complex which follows an extrasystole 

are common. They occur in about 30 per cent of the extrasystoles observed 
in hospitalized patients.’ The T wave may become higher, lower, or inverted. 
These changes were originally thought to be caused by the premature beat, but 
subsequently it was found that the postextrasystolic pause is responsible. The 
same changes of the T wave have been observed also in blocked auricular extra- 
systoles, in partial heart block, and in auricular fibrillation in which this phe- 
nomenon depends on the length of the preceding diastole.® 

Investigations of this phenomenon in auricular flutter and fibrillation have 
not been reported. These T wave alterations associated with changes of the 
duration of diastole are of particular interest since a diagnosis of cardiac disease 
often is made only on the basis of an abnormal T wave in the electrocardiogram. 
It is of clinical importance to know that with a certain heart rate the T waves, 
particularly in Leads I, V; or Vs, may be normal while with a slight change of 
the rate they become deeply inverted. A better knowledge of the factors regu- 
lating these changes will help in the understanding of their mechanism and 
their clinical implications. 

In the present paper, pertinent observations made during the last three 
years will be described with accompanying electrocardiograms. 


MATERIAL 


Observation 1.—The electrocardiograms of this patient reveal alterations of the T waves, 
particularly in the chest Leads V3, Vgand Vs. They are minimal in the other leads. The T waves 
become positive after a longer pause. The absence of changes of the RS-T segments is striking. 
It is evident that the length of the preceding diastole is responsible mostly for the form of the 
succeeding T wave. There are, however, other factors. 


This 80-year-old patient complained of dyspnea on exertion for the last three years. Physical 
examination revealed an aortic insufficiency and an abdominal aneurysm probably on an arterio- 
sclerotic basis; auricular fibrillation was present and was controlled by 0.1 Gm. of digitalis daily. 


The electrocardiograms of this patient show the pattern seen in left ventricular hypertrophy 
slightly modified by digitalis (Fig. 1). There are alterations of the T waves with varying lengths 
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of diastole. These changes are very pronounced in V4 and are only minimal in the other leads. 
Che T waves are peaked and deeply negative after a short pause and positive after a longer pause 
while it is striking that the QRS complexes and RS-T segments are unchanged throughout. Four 
days later the six chest leads were taken (Fig. 2). The Q-T interval measured in V; is about 0.32 
second in the beats with inverted T waves and 0.41 second in the beats with positive T waves. 
Leads V3, V4 and V5 show marked changes of the T waves, whereas it is evident that the RS-T 
segments although markedly displaced remain unchanged. The variations in the unipolar limb 
leads are minimal (Fig. 3). 


Fig. 1 Observation 1. The standard Leads, V2, V3, and Vy. Marked variations of the form of the 
T wave in Lead V,; slight variations in the other leads. Auricular fibrillation. 


While a rough direct correlation exists between the form of the T wave and the length of the 
preceding diastole other factors seem to play a role. Thus in V, in Fig. 3 the third ventricular 


complex is preceded by a diastole of 0.85 second and has a low positive T wave. The following 


diastole lasts 0.94 second, but the T wave is only slightly higher. Before the sixth ventricular 
complex the diastole measures only 0.88 second, and the T wave is much higher and peaked. 
Before the eighth QRS complex the diastole measures 0.87 second and the T wave is even higher. 

This is further illustrated in Table I where the duration of diastoles and the height of the 
following T waves of 26 consecutive complexes were measured in Lead Vs. The T-wave measure- 


‘3234 
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Fig. 2.—Observation 1. The six chest leads. Marked alterations of the T waves in Leads V3 to Vé. 
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ments were taken from the tip of the T wave to the upper or lower border of the base line depend- 
ing on the T-wave polarity. It can be seen that while the ventricular complexes following the 
shortest and longest diastoles have the most deeply inverted and the highest positive T waves, 
respectively, there are instances in which this general rule does not apply. For example, the 
. wave of a complex following a diastole of 0.88 second has the same height as one after a diastole 
of 1.30 seconds and two consecutive diastoles of 0.68 second are followed by T waves of minus 
3mm. and plus 2 mm., respectively. In another instance a diastole of 1.02 seconds is followed by 
a T wave of 6.5 mm., while the T wave is only 3.5 mm. after a diastole of 1.00 second. 


Fig. 3 Observation 1. The unipolar limb leads and Vy. Minimal changes of the T waves in the 
limb leads and marked alterations in the chest lead. 


Observation 2.—This illustrates an instance in which marked changes of the T waves appeared 
in the standard leads as well. In this patient, however, the T waves become more negative after 
a longer pause, but here again the RS-T segments remain unchanged. It is interesting to note 
that this phenomenon suddenly disappeared. 

[his 60-year-old patient was admitted because of retrosternal pain independent of exertion 
and with a diagnosis of acute myocardial infarction. While in the hospital he experienced no pain. 
There was evidence of congestive failure and the electrocardiograms showed auricular flutter 
with varying atrioventricular block. In the 24 hours prior to admission the patient had taken 1.2 
mg. of digitoxin. 

[he electrocardiogram taken on admission (Figs. 4 and 5) shows marked inversion of the 
[ waves after longer diastoles in Leads I and Ve and V;. In the other leads the T-wave changes 
are minimal or obscured by the flutter waves. In Lead V; (Fig. 5) the Q-T interval measures 0.30 
second after the longer pauses and the T wave is negative. After the shorter pauses it measures 
0.24 second, and the T wave is positive. 

In the hospital the patient received 0.3 Gm. of standardized digitalis daily from March 13 


to March 20, and beginning on March 21 he received 0.5 mg. of digitoxin daily. 
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TABLE I 
DURATION OF DIASTOLE IN 
HUNDREDTHS OF A SECOND HEIGHT OF FOLLOWING T WAVE 
99 
98 +2 
75 —2.5 
106 +-3 
70 —3 
75 +] 
58 4 
55 3 
96 +5 
68 —3 
92 14 
110 +7 
68 3 
68 +2 
86 + 5 
82 
109 
86 +2 
100 
70 3.5 
102 +65 
61 3 
117 +9 
88 +10 
130 +10 
106 +4.5 


As seen in Fig. 6,4 T-wave changes were absent on March 26. They were also absent on 
March 27 but reappeared (Fig. 6,8) on March 28. From this date on they persisted. No reason 
was found for the temporary absence of the changes. The Q-T distances in Fig. 6,4 measure 
0.30 second after the longer pauses and 0.28 second after the short ones. In Fig. 6,8 the values 
are 0.32 and 0.24 second, respectively. 

Carotid sinus pressure caused a marked increase of the atrioventricular block, and after 
longer diastoles the T waves became still more deeply inverted. During the constant 4:1 block 
the Q-T interval measured 0.30 second (Fig. 7,4); after a prolonged ventricular standstill caused 
by carotid sinus pressure it measured 0.42 second and in the following beats 0.38, 0.40, and 0.34 
second. At the same time the depth of the T wave increased from 4 mm. to 8 mm. Figure 7,B 
was obtained from the same patient during 2:1 block. This time carotid sinus pressure caused an 
increase in the depth of the T wave from 2.5 mm. in the beats before the pressure to 8 mm. in the 
first beat after the pressure was released. A peculiar phenomenon is the absence of an inverted 
[ wave in the first beat after the onset of the carotid sinus pressure, that is the last beat before 
the standstill. This ventricular complex appears with a delay of only 0.04 second. The Q-T 
interval is 0.24 second before the carotid pressure while it is 0.40 second in the first conducted 


beat after pressure ceased. 


Observation 3.—This shows the presence of the T-wave changes occurring for a short time only 
after an acute coronary thrombosis. It deals with a 36-year-old man who gave a history of anginal 
pain on effort for the five weeks preceding admission. 

In this patient as in Observation 2 the electrocardiogram showed auricular flutter with a 
varying 2:1 and 4:1 block (Fig. 8,4). The T waves again showed greater inversion in Leads I, 
V: and V;, following a longer diastole. These changes disappeared within three weeks and could 
not be elicited again. Even after administration of 0.6 mg. of digitoxin daily for 16 days the 
changes were only minimal (Fig. 8,B). In the meantime, however, the T waves in Leads I, V2 


and V, had become positive. In Lead V2 in Fig. 8,A the beats with the deeplv inverted T waves 
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following the longer pauses have a Q-T interval of no less than 0.40 second; after the shorter pauses 
the Q-T interval measures 0.28 second. In Fig. 8,B the respective values are 0.32 and 0.31 second. 


Observation 4.—This demonstrates the influence of respiration on the phenomenon. A 62- 
year-old patient had auricular fibrillation without any other evidence of heart disease. 

In this instance as well the electrocardiogram showed an inversion of the T waves after longer 
pauses. This was particularly evident in V3; and Vy. As Fig. 9 reveals, this phenomenon dis- 
appears during deep inspiration but reappears during the height of inspiration (end of Fig. 9,B). 
The T waves during deep inspiration are persistently positive independently of the duration of 
the preceding diastole and similarly are persistently negative during expiration. In other patients, 


however, forced respiration remained without any effect on the form of the T waves. 


Fig. 4.—-Observation 2. Standard and unipolar limb leads. Auricular flutter with varying atrio- 


ventricular block. The T waves are more negative in Lead [I and more positive in Lead III after a 
longer diastole. 


Finally two tracings are shown in Fig. 10, clearly illustrating that the RS-T segments remain 
unchanged despite marked changes in the T waves. Since the last part of the T waves varies, 
bizarre forms of these waves appear. Figure 10,A is from a 63-year-old woman with hypertension 
who was on a maintenance dose of 0.1 Gm. of digitalis daily. The Q-T interval of the beat with 
the positive T wave coming after a long pause measures 0.56 second while it measures 0.44 second 
after the short pauses. Figure 10,8 is from an 83-year-old man with generalized arteriosclerosis. 


The changes in the other leads are minimal or absent. 
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in the form of the T wave related to the length of the preceding diastole may be 
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DISCUSSION 


se observations show that in auricular flutter and fibrillation changes 


Only the final part of the T wave is involved whereas the RS-T segment 


unchanged. Similarly, in papers reporting alterations of the T wave 


of the first beat following an extrasystole the tracings do not show RS-T segment 


Review of those tracings in which RS-T segment changes are described 


| 


Fig. 5.—Observation 2. The six chest leads. The variation in the form of the T waves is most 
pronounced in Leads V2 and V3. 
failed to reveal them.*"! We found no changes of the RS-T segment in spite of 
marked alterations of the T waves during carotid pressure.” 
. This differentiates the changes described in these observations from the 
1 well-known alterations of the form of the final deflection caused by an increase 


in rate. 


flattening or inversion of the T wave is seen after a further increase in rate. 


In this instance a depression of the RS-T segment appears early and the 
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It must be noted that, whenever attempts are made to explain the T-wave 
changes seen with variations of rate by difference in the duration of the mono- 
phasic action potentials of two points of the heart, RS-T segment changes are 
assumed to exist. 

Normally, the state of activation in certain areas of the heart muscle lasts 
longer than in others; this explains the positive T waves in Leads I and II or in 
\, and Ve, in other words, the presence of a ventricular gradient. With an 
increase in rate these differences are abolished: the T wave becomes opposite in 
direction to the QRS complex and the gradient disappears.* 
to expect that the RS-T segment would remain unchanged if the duration of the 
state of depolarization is altered only in certain circumscribed areas of the myo- 


It seems reasonable 


cardium. 


Fig. 8.—A and B. Observation 3. The standard Leads, V2 and Vs. In A there is auricular flutter 
with varying 4:1 and 2:1 block. There are marked alterations of the form of the T waves in all these 
leads. In B the arrhythmia persists but the alterations of the T waves are minimal. Note that the 
T waves are now positive whereas they were negative in Fig. 8, A. 


Two findings in the observations reported seem to show that we are 
dealing with such circumscribed areas of altered myocardium. First, the changes 
most often appear only in certain leads (V2, Vs; and V4) and are minimal or even 
absent in other leads. This behavior was also present in the cases where the 
T waves changed in the first postextrasystolic beat. The second fact pointing to 
a localized disturbance is the brief presence of these T-wave alterations after a 
coronary occlusion (Observation 3) or their transitory disappearance (Observa- 
tion 2) in a patient with coronary disease under circumstances in which there may 
have been a temporary focal alteration of the myocardium. 
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Fig. 9 A, B,C. Observation 4. Lead Vy. The upper tracing (A) shows variation in the form of 


the _T wave_in a case of auricular fibrillation. In the middle tracing (B) taken during inspiration, the 
T waves are constantly positive except for the last two beats. In the lower tracing (C) obtained during 


maximal expiration the T waves are constantly inverted despite marked changes of rate, 


Fig. 10._-Lead V, in both tracings. Both tracings show auricular fibrillation with marked changes 
in the T waves but unchanged RS-T segments. The form of the T wave in the top tracing is unusual 


a 
| | Ic 
m 
tie 
Ve 


SCHERF AND BLUMENFELD: 


r-WAVE VARIATIONS 

It is assumed that the normal ventricular gradient is caused mainly by the 
fact that the subendocardial layers, activated earliest are repolarized latest. 
Experimental lesions of the subendocardial layers cause depression of the RS-T 
segment,® and it is well established clinically that any generalized anoxia of the 
heart (carbon monoxide intoxication, asphyxia, marked anemia, coronary ste- 
nosis with anginal pain, and aortic stenosis) also produces these RS-T changes. 
Anatomically, a well-defined pattern of necrosis of the myocardium is found in 
that area. In all these instances we are dealing with acute lesions of the myo- 
cardial cells, which cause the formation of injury currents. On the other hand, 
changes of the final part of the T wave are ascribed to abnormalities of the sub- 
epicardial layers.‘ It will be shown that another interpretation is possible. 
It should be stressed that following an acute hemorrhage in man often no altera- 
tions of the RS-T segment, but deeply inverted T waves appear.'” This occurs 
in spite of the fact that we are dealing in such intances with a classical “coronary 
insufficiency”’’, and the typical necroses are found in the subendocardial layers of 
the myocardium. 

Whether an inversion or elevation of the last part of the T wave after a 
long pause is found will depend on the location of the alteration of the myo- 
cardium or on the direction of its repolarization vectors. Among eleven instances 
of flutter and fibrillation which showed these T-wave changes in V2 to V4 we 
found eight cases in which there was an increased negativity and only three cases 
in which there was an increased positivity after a longer pause. In a previous 
study these T-wave changes depending on the rate were observed in twenty-two 
patients and in only five instances was there lowering or inversion of the T waves 
after a longer pause.’ In seventeen they became higher when the preceding 
diastoles were longer. Observations on a larger group are necessary before 
conclusions about the true incidence of these changes are justified. 

Digitalis which has been said to be responsible for these alterations of the 
T wave with variations of rate” did not, in our patients, influence the pattern 
in any way even when large doses were administered for prolonged periods of 
time. In the patient reported by Zuidema the phenomenon was markedly pro- 
nounced in V , during auricular fibrillation at a time when the patient was under 
the influence of toxic amounts of digitalis. The T waves in Lead V, were higher 
after a longer diastole. The phenomenon disappeared later but at that time 
sinus rhythm prevailed and there was no arrhythmia. Since digitalis seems to 
affect particularly the duration of activity of the subendocardial layers and does 
lead to RS-T variations, the absence of RS-T segment changes in our tracings is 
of significance. 

The experiments of Ashman and associates are most pertinent to this prob- 
lem. They showed that variations of rate exert the greatest influence on the 
form of the T wave when the duration of the excited phase in focal areas of the 
myocardium is prolonged by cooling.* Regional differences in duration of de- 
polarization are most marked when the heart rate is slow and disappear with 
increased rates. The absence of changes of the RS-T segments in our observa- 
tions indicates that repolarization does not begin earlier in any area with 
varying rates but has a different duration in local areas of the myocardium. 
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However, when the rate is faster the duration of the excited phase decreases 
everywhere and therefore changes of RS-T segment appear. While, with varia- 
tions of rate, changes in the duration of the activated state are marked, the 
decrease of the length of systole with increase of rate develops gradually after a 
few beats. Sometimes, for a few beats, the Q-T interval remains constant. This 
gradual effect of varying rates may explain the fact, noted in Table I, that the 
form of the T wave can vary in spite of equal length of diastoles. The T wave 
of each complex could be affected by the length of several of the preceding dias- 
toles. It is probable that the speed with which individual muscle fibers adapt 
themselves to the changed rate determines the presence or absence of the changes 
of the T waves (see Observation 3). 

From the absence of changes of the RS-T segment it may appear that the 
changes in the T waves are due to subepicardial alterations. However, in a series 
of experiments on dogs, van Bogaert and associates, reached a different con- 
clusion.» The changes in the form of the T wave with variations of rate, in 
extrasystoles, and with cooling of the myocardium were studied in thirty dogs 
with the aid of endocardial and epicardial leads. These experiments showed that 
the greatest alterations in the form of the T waves appeared in the endocardial 
leads of the left ventricle. In these leads the T waves became inverted after a 
postextrasystolic pause when they previously had been positive; when they were 
negative to begin with, the inversion was increased. The epicardial leads from 
both the right and left ventricles as well as the right endocardial leads showed 
only minimal changes. In all experiments the RS-T segments remained un- 
changed. From these results the authors concluded that the subendocardial 
layers of the left ventricle showed the greatest changes in repolarization rate in 
relation to the length of diastole. This is compatible with the fact that these 
changes are seen only in the final part of the T wave as these subendocardial 
layers are repolarized last. 

In a survey of 3,000 consecutive electrocardiograms Grant and associates’ 
found eleven instances in which isolated anomalies of the T waves were present 
in Leads V, and V;. These changes which similarly involve the last one-third 
of the T wave were not consistent with the mean spatial vector and were ex- 
plained by focal abnormalities of depolarization caused by the impact of the 
apical impulse on the thoracic wall. In one of the cases reported by Grant and 
associates the negativity of the T waves decreased or vanished during deep 
inspiration. The authors assumed that this was caused by variations of cardiac 
filling which changed the contact between the heart and chest wall. This, how- 
ever, does not explain the appearance of positive T waves after a longer pause 
(Fig. 1) when the filling of the heart may be assumed to be particularly great. 
The presence of very marked changes of the T waves in position 2 in patients 
without enlargement of the heart (Observations 2 and 3) also speaks against this 
explanation since it is difficult to assume that this area of the heart is compressed 
by the chest wall during systole. 

In one of our patients (Fig. 9) the phenomenon disappeared during maximal 
inspiration and expiration; during the former period, however, the T wave was 
positive while in the latter it remained negative. During both phases of respira- 
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tion these changes were independent of the length of the preceding diastole. In 
other patients the variations of the T waves with changing rate persisted the same 
way during maximal inspiration and expiration. One could interpret Fig. 9 by 
the assumption that the filling of the heart diminishes during deep inspiration 
and increases during maximal expiration. If, however, the filling were of any 
importance the varying duration of diastole which causes great variations of 
filling should lead to changes of the T waves in any phase of respiration. 

The statement has been made® that a change of the T wave of the first post- 
extrasystolic beat into an abnormal form, such as inversion in Lead I or V4, 
indicates myocardial damage even in the absence of other electrocardiographic 
evidence. This was confirmed! * although Videla arrived at other conclusions. 
After extrasystoles this author found abnormal T waves in nine patients who did 
not show evidence of cardiovascular disease. Since in some the T-wave inversion 
of the first postextrasystolic beat involved Lead III and in another patient the 


' it may be 


T waves were abnormal because of the posttachycardia syndrome,! 
questioned whether the hearts were actually normal. More experience will be 
needed before this can be decided. Bogaert and associates found the changes of 
the T waves in the endocardial leads in their experiments on healthy dogs. 
However, chloralose was used as an anesthetic. Alzamora and associates found 
T-wave changes during carotid pressure largely in Lead V,. In normal subjects 
they found changes of amplitude and contour, while in patients with heart 
disease changes of polarity were observed. 

Twice during carotid pressure an inverted T wave became upright; in most 
cases, however, it became more inverted.2. Our Fig. 7 shows both types of 
changes. It is remarkable how rapidly alterations of the T waves appear during 
carotid pressure; in fact, in some individuals changes in the T wave appear 
before slowing of the heart or fall of blood pressure were manifest.” The mecha- 
nism is obscure. Direct vagal influences in the ventricles of mammalian hearts 
are doubtful, and the response is too prompt for sympathetic influences. 


SUMMARY 


Changes in the form of the T waves in patients with auricular flutter and 
varying atrioventricular block, as well as in auricular fibrillation, depend mainly 
on variations of rate. Other additional factors seem also responsible. 

These alterations involve only the terminal phase of the T wave, the RS-T 
segment remaining unchanged. They are seen mostly in Leads V3, V4 and V5; 
(particularly V4) and are less pronounced or even absent in the other leads. 
The T-wave changes of the first postextrasystolic beat and the “‘isolated T nega- 
tivity’ of Grant appear in the same chest leads. 

These variations may be present only temporarily, as illustrated in patients 
with acute myocardial infarctions. 

Deep inspiration may modify these changes in a manner which cannot be 
explained as yet. 

Carotid sinus pressure usually increases the negativity of the T wave fol- 
lowing a prolonged diastole; however, modifications in the opposite direction 
may be seen. 


556 \MERICAN HEART JOURNAI 


The tact that only the later portion of the T wave is involved may lead to 
bizarre forms of the electrocardiogram. 

The changes are attributed to variations of the rate of repolarization in 
abnormal parts of the myocardium. These may be located even in the sub- 
endocardial lavers. 
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TRANSIENT CARDIAC ARRHYTHMIA INDUCED BY 
NONPENETRATING TRAUMA TO THE CHEST 


Horace B. Taytor, M.D.* 


Los ANGELES, CALIF. 


N THE past 277 years, some 349 cases of heart disease secondary to non- 

penetrating trauma to the chest have been recorded in the medical literature. 
A study of these cases has revealed that transient cardiac arrhythmia in trau- 
matic heart disease is a rare finding, only seventeen cases having been recorded; 
and of these seventeen cases only ten were proved by electrocardiograms. Dur- 
ing the past 3 years, three such cases have been admitted to the Wadsworth 
General Medical and Surgical Hospital, Veterans Administration Center, Los An- 
geles, Calif. It is the purpose of this paper to present these three cases and to 
review the subject of transient cardiac arrhythmia induced by nonpenetrating 
trauma to the chest. 

CASE REPORTS 


CasE 1.—J. R. S. GH-15707. A 29-year-old white man was involved in an auto accident 
five hours before admission to Wadsworth Hospital on May 7, 1950. He had suffered minor 
lacerations of his face and knees, contusion of his chest anteriorly, and had been rendered briefly 
unconscious. He complained of a dull diffuse anterior chest pain aggravated by respiration. He 
had been drinking and was probably intoxicated at the time of the accident. There was no 
history of antecedent heart disease. 

He was alert and complaining of chest pain. The blood pressure was 112/70 mm. Hg, the 
pulse weak with an irregular rate of 160, the respiratory rate 24, and the temperature 99. The 
heart was not enlarged. The rhythm was irregular, but no murmur, rub, or thrill was detected. 
Chere was tenderness over the sternum, but except for minor facial and extremity lacerations, 
the remainder of the examination was normal. Laboratory studies included a normal hemogram 
and urinalysis, and the cardiolipin flocculation test was negative. Roentgenogram of the chest 
revealed no fracture of ribs or sternum. An electrocardiogram on admission showed auricular 
fibrillation with occasional ventricular extras\ stoles. 

Within an hour after admission the arrhythmia cleared spontaneously, and during the en- 
suing two weeks the chest pain gradually disappeared. At the time of discharge on May 18, 
1950, he had only minimal discomfort to pressure over the sternum. Several electrocardio- 
grams made during his hospitalization revealed no diagnostic changes after his reversion to a 
normal sinus rhythm. No follow-up study was obtained. 

Case 2.—J. E. E. GH-29858. A 32-year-old white man was involved in an automobile 
accident 6 hours before admission to Wadsworth Hospital on December 30, 1951 He was ren- 


dered briefly unconscious and subsequently complained of substernal and precordial pain aggra- 
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vated by respiration. While receiving first aid for minor facial lacerations at an emergency hos- 
pital, he had been noted to have a tachycardia. There was no past history suggestive of heart 
disease. 

He was alert and complaining of anterior chest pain. The blood pressure was 110/90 mm. 
Hg, the pulse was regular and rapid with a rate of 140, the respiratory rate was 25, and the tem- 
perature 99.4. The heart was not enlarged. There was a regular tachycardia which could not 
be influenced by eyeball or carotid sinus pressure, but no murmur, rub, or thrill was detected. 
Except for minor facial lacerations and marked tenderness over the lower portion of the sternum, 
the remainder of the examination was normal. Laboratory studies included a normal hemo- 
gram and urinalysis and the cardiolipin flocculation test was negative. Roentzenogram of the 
chest revealed no pulmonary injury, but fractures were present in the lower body of the sternum 
and the left fourth rib anteriorly. An electrocardiogram revealed a supraventricular tachy- 
cardia. 

Che patient received two 0.2 Gm. doses of quinidine, 3 hours apart; and 6 hours after ad- 
mission was found to have a regular sinus rhythm witha rate of 96. During his first five hospital 
days he ran a low-grade fever. His chest pain gradually cleared over the ensuing three weeks. 
An electrocardiogram on the eighth hospital day showed minimal elevation of the S-T segments 
and flattening of the T waves in V; and \V;, but by the seventeenth hospital day the electro- 
cardiogram was quite normal. He was discharged Jan. 18, 1952. He was readmitted on Sept. 
$, 1952 because of a fractured clavicle, and at this time cardiac examination was completely normal. 


Fig. 1 (Case 1 J.RS 1, Electrocardiogram made at the time of admission showing auricular 
fibrillation B, Electrocardiogram made on the subsequent day showing normal sinus rhythm. 


Both strips are standard Lead II 


Case 3.—E. A. J. GH-36259. A 62-year-old white man was admitted to Wadsworth Hos- 
pital on Oct. 29, 1952. Several hours previously the roof of a garage, which the patient was 
razing, had collapsed, striking him obliquely across the right lower ribs and precordium, pinning 
him to the ground. He was so trapped about ten minutes and was unconscious for about five 
minutes. On admission he was complaining of generalized abdominal and left chest pain aggra- 
vated by respiration and motion. There was no history suggestive of heart disease. A nurse 
had periodically checked his pulse in the past but had detected no abnormality. 

He was acutely ill and apparently in early shock. There was marked respiratory discomfort. 
rhe blood pressure was 110/65 mm. Hg, the pulse was weak and irregular with a rate of 80, the 


respiratory rate was 28, and the temperature 99. The apex impulse was 1 cm. outside the mid- 
clavicular line in the fifth left intercostal space. The rhythm was grossly irregular in time and 
force. There was a Grade 3 apical systolic murmur, but no rub or thrill was detected. There 
was marked tenderness in the left axilla and left hypochondrium, but there was no free intra- 
abdominal fluid demonstrable. 

Laboratory findings included a normal hemvgram and urinalysis, and the cardiolipin floccu- 
lation test was negative. Roentgenogram revealed fractures of the seventh, eighth, ninth and 
tenth left ribs in the posterior axillary line; and other than evidence of minimal fluid at the left 
base, the lungs were normal. An electrocardiogram revealed frequent auricular extrasystoles, 


some of which were followed by aberrant ventricular exeitation (Fig. 4) and also occasional nodal 


extrasystoles. 
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Fig. 2 (Case 2) J.E.E. <A, Electrocardiogram made at the time of admission showing a supral 


ventricular tachycardia, probably nodal. 3B, Electrocardiogram made the subsequent day showing a 
normal sinus rhythm. C, Electrocardiogram made on the eighth hospital day showing T-wave abnor- 
mality. D, Electrocardiogram made on the sixteenth hospital day showing return to normal T-wave 
configuration All strips are standard Lead IT. 


Fig. 3 (Case 2).—J.E.E. A, Electrocardiogram made on the second hospital day showing a normal 
T-wave configuration B, Electrocardiogram made on the eighth hospital day showing flattening of 
the T waves. C, Electrocardiogram made on the sixteenth hospital day showing a return to a norma- 


T-wave configuration. All strips are Vs. 
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The patient Was tollowed on the surgical service because of the possibility ota splenic rupture, 
which he proved not to have. Serial electrocardiograms revealed progressively less frequent 
auricular extrasystoles, and on discharge Nov. 21, 1952, he complained only of slight left chest 
pain. The patient was seen again on Dec. 23, 1952, at which time he complained of some residual 
thoracic wall soreness in the left axilla. His pulse was perfectly regular and an electrocardiogram 
revealed a sinus rhythm without extrasystoles. The systolic murmur noted previously was un- 


changed, and he still demonstrated Grade 2 cardiomegaly. 
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Fig. 4 (Case 3) E.A.J. A, Electrocardiogram made shortly after admission showing sinus arrhyth- 
mia and a normal P wave followed by aberrant ventricular excitation. 3B, Electrocardiogram made 8 
weeks later showing a normal sinus rhythm. Both strips are standard Lead II. 


DISCUSSION 


In view of the frequency of trauma to the chest, surprisingly few cases of 
traumatic heart disease have been reported. Review of the world literature 
since 1676 has been facilitated by collections of previously reported cases from 
many sources published by Warburg,"*’ Bright and Beck,‘ and Stern.” In total, 
the author studied case reports or summaries of some 349 instances of traumatic 
heart disease. While no claim is made that this represents the entire body of 
pertinent literature, it is unlikely that a significant number of cases has been 
overlooked. 

Of the case summaries reviewed by the author, Warburg’ presented 259, 
most of which were individually reported in European journals. Bright and Beck* 
added two, and Stern,” three from sources not generally unavailable. Kahn 
and Kahn’ reported fifteen; Arenberg,! twenty-eight; Leinoff,’® ten; Sigler,” 
five; and Gore® and Kulka,’one each. Barber?“ contributed an additional twenty- 
five cases, some of which were not presented in sufficient detail for satisfactory 
analysis. Discrepancies between this tabulation and the actual number of cases 
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reported by the various authors are accounted for by the fact that in the review 
articles there is considerable duplication. Individually reported cases and 
small series reported prior to 1940 are included in Warburg's total. 

Bright and Beck‘ found experimentally that the dog heart could withstand 
a great deal of trauma. They noted that this observation was inconsistent 
with the fact that exceedingly few of the cases of traumatic heart disease which 
they studied were followed by recovery. Consequently, they expressed the belief 
that it is the exceptional case of cardiac trauma which is reported and that the 
much more commonplace cardiac injury, which does not terminate fatally, is 
frequently overlooked. This sentiment has more recently been expressed by 
Kissane*® in his general review of the subject. Leinoff'® considered the following 
conditions essential for the diagnosis of traumatic heart disease: (a) the aware- 
ness of the clinical possibility; (b) the history of a nonpenetrating injury to the 
chest; (c) a previously normal cardiovascular history; (d) the appearance of symp- 
toms, signs, or laboratory findings indicating heart damage in the majority of 
cases immediately after injury. 

The possibility of previously existing heart disease must be borne in mind, 
since it may be aggravated and dominate the patient’s clinical picture following 
trauma. Arenberg! found the majority of his patients with traumatic heart 
disease to be in the older age groups and recognized the presence of underlying 
disease. Also, it is well known that emotional disturbance, such as might be 
occasioned by physical injury, can result in various cardiac arrhythmias and in 
electrocardiographic T-wave changes.'''* Gore® cautioned against the accept- 
ance of clinical criteria alone in the diagnosis of cardiac trauma and presented 
the case of a 23-year-old man presumed clinically to have typical traumatic 
heart disease but discovered at autopsy to have a myocarditis which antedated 
this injury, although previously it had been subclinical. 

Of the total 349 cases reviewed, eighty-six showed some cardiac arrhyth- 
mia at one time in their course, but when these cases are evaluated in the light 
of the foregoing observations, nineteen can be excluded as probably not trau- 
matic heart disease; thirteen must be considered equivocal; while the remaining 
fifty-four can be accepted as probably valid instances of cardiac arrhythmia 
induced by nonpenetrating trauma to the chest. Of these fifty-four cases, there 
were twenty-two instances of auricular fibrillation; seventeen of ventricular extra- 
systoles; and fifteen of other types of arrhythmia, principally supraventricular 
tachycardia. However, of these fifty-four cases of arrhythmia, in only seventeen 
was it transient and followed by apparently complete recovery. Of these seven- 
teen cases, only ten were proved by electrocardiogram. Five of these cases 
are summarized in Warburg’s monograph,'® namely: Case 124 (1924), interfer- 
ence rhythm; Case 133 (1928), auricular fibrillation; Case 146 (1935), auricular 
fibrillation; Case 168 (1936), ventricular extiasystolic arrhythmia; and Case 
168a (1937), auricular flutter. The remaining five cases were added by Barber,’ 
there being one of auricular fibrillation; three of supraventricular tachycardia; 
and one of ventricular extrasystolic arrhythmia. Although instances of trau- 
matically induced atrioventricular block were not included in this study, ap- 
proximately ten have been reported. 
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Among the remaining thirty-seven patients, there were varying degrees of 
permanent cardiac changes associated with the initial arrhythmia. The brevity 
of most of the case summaries studied, however, precludes any statistical analy- 
sis. Approximately one-third of these patients died within the first six months 
following their injury. The remainde: demonstrated various permanent symp- 
toms and signs such as chronic congestive failure, permanent electrocardio- 
graphic changes, angina pectoris, aneurysm development, persistence of the 
arrhythmia, and functional cardiovascular disease. 

Consideration of the mechanisms involved in the production of cardiac 
arrhythmia by nonpenetrating chest trauma in nonfatal cases is, to a certain 
extent, speculative. Butterworth and Poindexter’ failed to demonstrate signifi- 
cant electrocardiographic changes in boxers examined immediately after their 
bouts, lending credence to the frequently expressed belief that the anatomic 
position of the heart provides protection from physical trauma. Arenberg! in 
the analysis of his twenty-eight cases of traumatic heart disease found no re- 
lationship between the severity of the thoracic injury as gauged by the presence 
or absence of rib fractures and the incidence of cardiac injury. He expressed 
the opinion that cardiac injury was a function of the resiliency of the chest wall 
and the force of the blow and felt that the danger of cardiac damage was pro- 
portionately increased with increase in the resiliency of the chest wall, provided 
the impact was the same. 

Autopsy studies on those who died from nonpenetrating trauma to the chest 
have revealed that cardiac injury may be brought about in several ways. The 
broken ends of ribs or of the sternum may penetrate a cavity of the heart or 
may partially penetrate the myocardium predisposing to subsequent rupture 
or aneurysm formation. The heart may be compressed between the sternum and 
the thoracic vertebrae causing its rupture or diffuse contusion. Localized con- 
tusion may occur because of direct transmission of the striking force. However, 
in instances of transient arrhythmia without other evidence of cardiac damage, 
it is more likely that some reversible functional or minor anatomic changes 
have been caused by the trauma. The possibility of “concussion” of the heart 
was suggested by Bright and Beck.‘ It is conceivable that the conduction 
mechanism may be in some way temporarily disturbed by rapid motion of the 
heart without there being produced any demonstrable pathologic change. Moritz 
and Atkins" directly traumatized the hearts of anesthetized dogs with the pro- 
duction of various arrhythmias in a number of animals. In approximately one- 
third of these hearts at autopsy, no lesion could be demonstrated. 

The most likely explanation for cardiac arrhythmia subsequent to chest 
injury, however, has been advanced by Osburn” who made extensive autopsy 
studies in cases of traumatic death. He pointed out that anatomic regions con- 
taining contiguous organs which form an acute angle in one or more planes 
are particularly susceptible to contusive injury when the body is compressed 
from without. He referred to these regions as “V" spaces and found that in 
compressing injury the organs forming the boundaries of the space were liable 
to injury as well as the structures contained therein. The right pericardiophrenic 
angle is such a “‘V"’ space; and in compressive chest trauma, the heart and liver 
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are forced together resulting in contusion of the right auricle near the inferior 
vena cava and the adjacent part of the liver. While anatomically this area does 
not directly involve the conduction system of the heart, evidence of contusion 
was frequently found to extend upward toward the sinoauricular node and antero- 
medially toward the auriculoventricular node. He stated that this lesion was 
easily overlooked at autopsy. 


White!’® has observed that arrhythmia in traumatic heart disease is usually 
an unimportant, selflimited complication. This position is not entirely justified 
from study of the published literature. Transient arrhythmia even in the ab- 
sence of other cardiac injury may not in every instance be entirely benign. 
Automatic imbalance associated with this phenomenon may produce shock and 
death which may be erroneously ascribed to head injury.”™ 


MANAGEMENT 


Cardiac arrhythmia associated with nonpenetrating chest injury should 
alert the physician to search for other signs of heart injury. In published cases 
this sign has been found twice as frequently associated with severe and per- 
manent heart damage as it has been with complete recovery. The general pro- 
gram of management should be similar to that employed in cases of coronary 
occlusion. Sedation with morphine if not otherwise contraindicated will help to 
prevent shock. !n cases where a normal sinus rhythm does not supervene 
promptly, the usual treatments for the various arrhythmias are indicated. 
However, digitalis should be used with circumspection because it tends to in- 
crease the frequency of ectopic rhythms. The irritability of a damaged myo- 
cardium may be increased by digitalis.* The patient should have frequent 
clinical and periodic electrocardiographic examinations. If the arrhythmia is 
indeed transient and unassociated with other evidence of traumatic heart disease, 
a two-week period of observation with gradually increasing activity would seem 
adequate. 

SUMMARY 


1. Transient cardiac arrhythmia induced by nonpenetrating trauma to the 
chest has been reported only rarely, an extensive review of the literature reveal- 
ing only 17 cases followed by apparently complete recovery. It is quite probable 
that the reported cases represent only a fraction of the true incidence and that 
increasing awareness of the possibility coupled with more common use of the 
electrocardiograph will detect cases more frequently. 

2. The available literature does not lend itself to statistical analysis, but 
approximately two-thirds of the reported instances of cardiac arrhythmia in trau- 
matic heart disease were associated with other demonstrable permanent cardiac 
lesions, and in a number of cases, with death. Therefore, the presence of cardiac 
arrhythmia in nonpenetrating chest trauma must not be regarded lightly. 

3. It seems most likely that the transient arrhythmias are due to contusion 
of the right auricle in the region of the conduction svstem, being occasioned by 
compression of the heart against the liver at the right pericardiophrenic angle. 
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$+. A case of transient auricular fibrillation and one of transient supra- 
ventricular tachycardia due to nonpenetrating chest trauma in young men with- 
out antecedent history of heart disease are presented. Also reported is a case 
of frequent auricular extrasystoles due to chest trauma in an elderly man who 
had asymptomatic arteriosclerotic heart disease. In each instance, as far as 
could be determined clinically, there was no evidence of permanent cardiac 


injury. 
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GALVESTON, TEXAS 


PPROXIMATELY 25 vears ago two studies analyzing the incidence and 

types of heart disease were reported from the University of Texas Medical 
Branch. Stone and Vanzant'! summarized 915 cases of definite heart disease in 
hospitalized patients from 1920 through 1926. Schwab and Schulze® surveyed 
1,660 cases of organic heart disease in the new patients of all divisions of the 
Outpatient Department from 1924 to 1931. These reports emphasized the high 
incidence of syphilitic heart disease and low incidence of rheumatic heart disease 
in the South. The infrequency of rheumatic heart disease was further elucidated 
by a more recent study by Decherd and Herrmann. 

Since that time there have been many factors operative to change the preva- 
lence of heart disease and the incidence of its etiologic types. Availability of 
previous statistics in this same medical service under the same directors and 
clinical consultants presents a unique opportunity for a comparative analysis 
of these changes. 

It is the purpose of this paper to determine the incidence and types of 
organic heart disease among new hospital and clinic patients now being treated 
and to compare these data with those previously recorded. 


MATERIAL AND METHODS 


A summary was made of the records of all new clinic and hospital patients 
which were seen by the Departments of Medicine and Pediatrics in the eighteen- 
month period from September, 1951, through February, 1953. This provided 
an adequate sampling of year-round experiences. Those patients in whom a 
diagnosis of definite organic heart disease was made were included in the series, 
but pregnant patients and newborn infants were omitted. The clinic patients 
were all on a charity basis, whereas the hospital patients were divided betweén 
charity and private services. 

The criteria for etiologic classification of heart disease are essentially those 
set down by Herrmann.‘ Minor modifications are listed under the detailed dis- 
cussion of each etiologic type. 


From the Cardiovascular Service, University of Texas School] ef Medicine, Galveston, Texas 
Supported in part by the H. H. Weinert Fund for Cardiovascular Research, 

Received for publication June 22, 1953. 
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On all patients a complete history and physical examination, with repeated 
blood pressure determinations were available. There were also included routine 
laboratory determinations such as a complete blood count, urinalysis, nonprotein 
nitrogen, serology, and, in most instances, chest roentgenogram and electro- 
cardiogram. No detailed post-mortem correlation was attempted. 


RESULTS 


During the eighteen-month period a total of 34,342 new patients were seen 
in the clinic and hospital, of which 22,739 were white and 11,613 Negro. How- 
ever, less than one-half of these were studied by the Departments of Medicine 
and Pediatrics. In this group there were 1,000 patients with organic heart disease. 
Charity patients comprised 814 of the cases, 386 being in the hospital and 428 
in the clinic. The remaining 186 were private patients, all of whom were hos- 
pitalized. 

A detailed etiologic analysis of the entire series, with reference to race and 
sex, is presented in Table I. Hypertensive and arteriosclerotic heart diseases 
were by far the most common types, together making up 77.9 per cent of the 
entire series. The next in frequency were congenital heart disease, diagnosed 
in 7.2 per cent, and rheumatic heart disease, in 6.5 per cent. Syphilitic heart 


disease occurred in only 2.3 per cent of the patients. 


TABLE I. FREQUENCY OF HEART DISEASE IN VARIOUS ETIOLOGIC GROUPS 


WHITI NEGRO 
NUMBER 
ETIOLOGIC TYPE OF CASES (% 
MEN WOMEN MEN WOMEN 

Hypertensive 355 35.5 99 87 68 101 
\rteriosclerotic 40 24.0 139 56 9 16 
Hypertensive and 

arteriosclerotic 184 18.4 62 47 39 36 
Congenital 72 i 34 24 7 7 
Rheumatic 65 6.5 22 21 6 16 
Syphilitic 23 4.3 5 l 14 3 
Renal 23 ao 12 1 } 6 
[hyrotoxicosis 12 1.2 l 7 () 
Pulmonary 6 0.6 } 1 1 0 
Other infections 

(pericarditis) 5 0.5 1 1 2 l 
Bacterial endocarditis 4 0.4 2 2 0 0 
Miscellaneous 6 0.6 2 3 0 1 
Unknown 2 0.5 3 0 0 2 
Total 1,000 100.0 386 251 170 193 


A comparison of the etiologic summary of the 1,000 patients in this series 
with the previous studies is given in Table II. The classification scheme used 
by White,® with minor changes, is followed. The combination of hypertensive 
and arteriosclerotic heart disease is included under hypertension because this 
was the method of grouping followed in the previous studies. Hypertension 
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secondary to renal disease is listed in a separate category. Angina pectoris and 


myocardial infarction per se are not specifically listed but will be later discussed. 


I]. AN EtiotoGic ANALYSIS IN PERCENTAGES OF THE TWo PREVIOUS 
STUDIES AND THE PRESENT STUDY 


STONE AND SCHWAB AND PRESENT 
VANZANT SCHULZE SERIES 
1927 1931 1953 
Number of cases 915 1660 1000 
(% (% (% 
Congenital anomalies 0.7 0.7 y 
Rheumatic 7.3 3.4 6.5 
vz Subacute bacterial endocarditis ‘3 0.3 0.3 
> | Acute bacterial endocarditis 0.1 
| Cardiovascular syphilis 19.3 
Other infections 0.5 
Phyrotoxicosis 
, | Systemic: Hyperpiesia 47.7 54.2 53.9° 
xo 
= Renal 
™ “| Pulmonary: Cor pulmonale 0.6 
Coronary atherosclerosis 13.7 20.2 24.0 
Miscellaneous 1.3 1.0 0.6 
Unknown 4.9 ae 0.5 


*Including 18.4 per cent with coronary atherosclerosis 


In Chart I the patients are divided according to race and sex, and the rela- 
tive incidence of the types of heart disease in each group is given. Hypertensive 
heart disease is found to be more common in the Negro than in the white, the 
incidence being the highest in Negro women. Arteriosclerotic heart disease, 
however, is more common in the white, and relatively infrequent in Negro 
women. The percentage of syphilitic heart disease is five times as high in the 
Negro as in the white, but nearly all of the cases occurred in men. The difference 
in incidence of congenital heart disease, found in 9.1 per cent of white patients 
and only 3.8 per cent of Negro patients, is difficult to explain. Rheumatic 
heart disease occurred in approximately the same percentage in the white as in 
the Negro. 

In Table II] the incidence of the types of heart disease is related to the 
hospital, clinic, charity, or private status of the patient. Hypertensive heart 
disease was diagnosed more often in the clinic than in the hospital but was of 
approximately equal incidence in charity and private patients. Arteriosclerotic 
heart disease was found more often in private than in charity patients. The 
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VARIOUS ETIOLOGIES 


Ilypertensive Cardiovascular Disease.—The criteria for the diagnosis of 
systemic hypertension were a persistent elevation of systolic pressure above 
160 mm. and diastolic pressure above 90 mm. In addition, nearly all of the 
patients had some clinical manifestations of cardiac abnormality. These in- 
cluded one or more of the following: physical evidence of cardiopathy, abnormal 
electrocardiogram, evidence of heart disease by radiogram, and symptoms and 
signs of congestive or coronary failure. Fourteen patients showed no cardiopathy 
and had only persistently elevated blood pressure levels, which ranged from 
170/96 to 250/150 mm. Hg; four were men and ten women; eleven white and 
three Negro. The ages ranged from 31 to 56, with most of the patients in the 
fourth and fifth decades. There were six patients with the generally accepted 
clinical evidences of malignant hypertension. These included three white men, 
two Negro women, and 1 Negro man, most of whom were in the fifth decade. 

Table I presents the race and sex distribution of the 355 patients with 
essential hypertension, both benign and malignant. In a separate category are 
included the 184 hypertensive patients who also had arteriosclerotic heart disease. 
The average age of the hypertensive patients was 50.9 years, while that of the 
patients with a combination of hypertensive and arteriosclerotic heart disease 
was 65.3 years. The combined total of these two groups is 539 patients, or 53.9 
per cent of the entire series. 

Figure 1 is a graph of the age incidence of hypertensive cardiovascular disease 
in each race, with comparison to the findings of Schwab and Schulze. The peak 
age incidence of hypertensive cardiovascular disease is still one decade earlier in 
Negroes than in whites. However, this peak in each race has been shifted one 
decade later, now being in the sixth decade in the Negro and in the seventh 
decade in the white patients. 

Figure 2 similarly shows the age incidence of hypertensive cardiovascular 
disease in our Negro men and Negro women and the corresponding findings of 
Schwab and Schulze. The peak occurrence of hypertension in Negro women 
is still a decade earlier than in Negro men, but both have been shifted consider- 
ably to a later period. 


Arteriosclerotic Heart Disease.—Table | shows that there were 240 patients 
(24.0 per cent) with arteriosclerotic heart disease, and the average age of these 
was 63.6 vears. All had clinical or laboratory evidences of heart disease, but 
blood pressures were not elevated to hypertensive levels. In many of the patients 
there was suggestive evidence by history of previous hypertension. In addition, 
there were 184 patients with coronary artery disease complicating hypertension. 
Thus the total number of patients with arteriosclerotic heart disease was 424 
(42.4 per cent). 

Twenty of these patients were admitted with acute myocardial infarction, 
and forty-three others had histories and or electrocardiographic evidences of 
previous myocardial infarction. 

Angina pectoris occurred in 165 patients, an incidence of 16.5 per cent. 
Forty-four of these were among the 186 private patients (23.7 per cent), and 
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Fig. 1.—A comparison of the occurrence by decades of hypertensive cardiovascular disease 
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Fig. 2.—A comparison of the occurrence by decades of hypertensive cardiovascular disease 
in Negro men and women. 
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121 were among the 814 charity patients (14.6 per cent). The incidence in white 
men was 20.2 per cent; in white women, 16.3 per cent; in Negro men, 17.8 per 
cent; and in Negro women, 9.8 per cent. 


Congenital Heart Disease.—Congenital heart disease was the third most 
common etiologic type, comprising 7.2 per cent of this series. Twelve of these 
were over 14 years of age, and the remainder, younger. The most frequent 
diagnoses were ventricular septal defect, patent ductus arteriosus, tetralogy of 
Fallot, and coarctation of the aorta, in that order. In nine cases a definite struc- 
tural diagnosis was not made. 


Rheumatic Heart Disease.—There were sixty-five patients with rheumatic 
heart disease, an incidence of 6.5 per cent. Sixteen of these had acute rheumatic 
fever with myocarditis, but three had probable previous valvular disease. Four 
were adults, and thirteen were under 14 years of age. The remaining forty-nine 
patients had chronic rheumatic valvular disease, of which forty-three were 
adults. Two patients had associated systemic hypertension. Forty of the 
patients in this group had manifestations of congestive heart failure. Three 
additional patients are listed under bacterial endocarditis, which would raise 


the incidence of rheumatic heart disease to 6.8 per cent. 


Syphilitic Heart Disease.—Ot twenty-three new patients with syphilitic 
heart disease, fourteen were Negro men. Four cases were complicated by hyper- 
tension and/or arteriosclerosis. Seventeen patients had aortic insufficiency; 
five, syphilitic aortitis with aneurysm; and one, syphilitic aortitis. One patient 
had a previous myocardial infarction, five had angina pectoris, and eleven had 
congestive heart failure. Only one patient showed atrial fibrillation. The 
average age incidence in the white patients was 53.2 years, and in the Negro 
patients, 55.1 years. The ratio of men to women was 4.8:1; of Negro women 
to white women 3:1; of Negro men to white men 2.8:1. These are roughly the 
same ratios found by Stone and Vanzant.! 


Renal.—Twenty-three patients had hypertension and cardiac disease 
secondary to renal disease, an incidence of 2.3 per cent. Eleven had acute 
glomerulonephritis; nine, chronic glomerulonephritis; two, chronic pyelonephritis; 
and one, stenosis of the right renal artery. Nine were under 14 years of age. 


Other Types.—Thyrotoxicosis occurred in twelve patients, of which eleven 
were women. Five had congestive heart failure, four had atrial fibrillation, and 
one had angina pectoris. 

Six patients had pulmonary heart disease, four being white men. One had 
idiopathic pulmonary hypertension, two bronchiectasis, and three emphysema 
and pulmonary fibrosis. Three were in congestive heart failure, and three had 
symptoms of hypercyanotic angina. 

Included under heart disease due to “Other Infections’ in Table I are five 
patients with pericarditis. Three were tuberculous, and two were considered 
to have a disease of virus origin. There was one case of chronic constrictive 


pericarditis. 
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Bacterial endocarditis was diagnosed in four patients, being acute in one and 
subacute in three. The three patients with subacute bacterial endocarditis had 
underlying rheumatic valvulitis. 


The miscellaneous group of six patients comprised the following entities: 
Cushing's Syndrome, myxedema, disseminated lupus erythematosus, beriberi, 
myocarditis of undetermined etiology, and nonspecific verrucous valvulitis. 


There were five patients with definite heart disease in whom the etiology 
could not be established. Two of these had prolonged arrhythmias. 


ELECTROCARDIOGRAMS 


At least one twelve-lead electrocardiogram was available for 973 of the 1,000 
cases (97.3 per cent). This is in sharp contrast to the previous studies, which 
were made before electrocardiography was a routine procedure in cardiac evalua- 
tion. Of the 973 patients, 786 showed definitely abnormal electrocardiograms. 

Table IV lists the disturbances of cardiac rhythm and their incidence in the 
various types of heart disease. The most frequent arrhythmia was atrial fibrilla- 


TABLE IV. DISTURBANCES OF THE MECHANISM OF THE HEART BEAT 


NUMBER ASHD AND CON- RHEU- 
OF CASES ASHD HCVD HCVD GENITAL MATIC OTHERS 
Premature atrial contractions 17 9 5 2 i) | 0 
Premature ventricular 
contractions 60 21 14 IS 2 
Atrial fibrillation 8] 33 6 2) () 15 7 
Atrial flutter | 0 0) 0 
Ventricular tachycardia 2 2 0) () () () () 
Atrial tachycardia 2 | 0) () 
Prolonged A-V conduction $4 10 S 7 6 ll 2 
Incomplete left bundle 
branch block 34 13 7 
Complete left bundle 
branch block 24 12 } { 2 
Incomplete right bundle 
branch block 27 5 } 7 7 ; 
Complete right bundle 
branch block 17 5 2 5 { 0 
Complete heart block ti | 0 0 » » 


ASH D—arteriosclerotic heart disease; HCV D-——-hypertensive cardiovascular disease 
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tion, which occurred predominantly in patients with arteriosclerotic and with 
rheumatic heart disease. Prolonged atrioventricular conduction was most com- 
mon in rheumatic heart disease but was also recorded in the other etiologic 
types. Varying degrees of left bundle branch block were most often seen in 
patients with arteriosclerotic heart disease. Incomplete right bundle branch 
block was recorded most often in patients with congenital and rheumatic heart 
disease, with complete right bundle branch block in the arteriosclerotic patient. 


GENERAL DISCUSSION 


Of the 1,000 patients with organic heart disease, 63.7 per cent were white 
and 36.3 per cent Negro. However, the ratio of white to Negro patients appear- 
ing in the clinic and hospital during this time was approximately 2:1. After 
using this correction factor, the incidence of heart disease among the Negroes 
is slightly higher than among the whites, by a ratio of 1.12:1. This is considerably 
less than the increased incidence in the Negro previously reported, 1.8:1 by 
Stone and Vanzant,' and 1.7:1 by Schwab and Schulze.* 

A considerable change in the incidence of various etiologic types has taken 
place. The most frequent types are still hypertensive and arteriosclerotic. In 
this series, 35.5 per cent were hypertensive; 24.0 per cent, arteriosclerotic; and 
18.4 per cent, a combination of the two. In Table II the combination was 
grouped under hypertension because that was the method followed in the pre- 
vious studies here. However, if the combination were included with the arteri- 
osclerotic, the total would be 42.4 per cent. This figure would still be less than 
the 48.5 per cent found in a recent study in New England by White.’ Our 
lower percentage may be due to a higher number of Negro patients, which show a 
lower incidence of arteriosclerosis. 

The third most frequent etiologic diagnosis in this series was the congenital, 
which has seemingly increased tenfold in 25 years. This is obviously only an 
apparent increase, associated with the greater interest in and awareness of con- 
genital heart disease and improvement in diagnostic accuracy. The greater 
possibilities for surgical corrective technique have resulted in more patients with 
congenital heart disease being referred to this medical center for diagnosis and 
treatment. The incidence of 7.2 per cent in this series is very near the 7.9 per 
cent recently reported by White.’ 

As recorded in the previous studies,'** rheumatic heart disease has always 
been considerably less frequent here than in northern climates. This was the 
fourth most common etiologic diagnosis in this series, being found in 6.5 per cent 
of the cases. This value does not show the significance twenty-five-year decrease 
demonstrated by White in his recent study. However, over 75 per cent of these 
cases were patients with chronic rheumatic valvular disease, who developed the 
acute manifestations of rheumatic fever in the days before modern prophylactic 
therapy. There may be a decreased incidence of acute rheumatic carditis, but 
this is apparently being overshadowed by a greater number of referrals of chronic 
rheumatic valvulitis for possible surgical corrective procedures. 

Syphilitic heart disease shows a marked drop in incidence, in spite of the 
fact that Negroes constitute a substantial proportion of this series. Ranking 
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among the three most frequent etiologic types twenty-five years ago, it is now 
rarely seen among new patients and constitutes only 2.3 per cent of the cases. 
Public education, early diagnosis, and effective therapy have combined to make 
this a vanishing disease. 

Hypertension and heart disease secondary to renal pathology, particularly 
acute and chronic glomerulonephritis and pyelonephritis, are now as frequent 
as syphilitic heart disease. Thyroid heart disease has shown only a slight de- 
crease, in spite of improved methods of therapy for hyperthyroidism. Most of 
the thyrocardiac individuals for some reason were unable to follow adequate 
medical therapy and were consequently referred here for management. The 
decrease in bacterial endocarditis is apparently due to modern prophylactic 
therapy. The incidence of 0.4 per cent is less than that in the North, probably 
due to a lower relative incidence of rheumatic heart disease. 

There has been a decrease in the unknown and miscellaneous groups. In the 
past twenty-five vears definite etiologies have been ascribed to cardiac pathology 
which previously could not be classified, such as the collagenous and endocrine 
diseases. In addition, advances in clinical knowledge and in methods of study 
have enabled the establishment of an etiologic diagnosis in cases which previousl\ 
may have been considered obscure. 

Angina pectoris, which occurred in 16.5 per cent of the patients, was diag- 
nosed much more frequently than twenty-five years ago, when it was found in 
only 2.3 per cent. It is more common in the white, but also is often seen in 
the Negro. 

There are certain limitations of this study which should be recognized. An 
important function of this medical center is service to the entire state, and an 
increasing number of patients are being referred from other sections. Twenty- 
five years ago a higher proportion of patients came from this immediate locality. 
Some patients with organic heart disease during the eighteen-month period of 
study were seen exclusively by other departments, and not by the Medical 
Service. These were not included in the series. The economic conditions of the 
South have improved conspicuously in the past 25 vears. Particularly is this 
true in the case of the Negro population. Many patients who would previously 
have been seen in the clinic are now treated by their local physicians on a private 
basis. 

SUMMARY 


1. A statistical study has been made of organic heart disease in consecutive 
new clinic and hospital patients treated in a Southern medical center from 
September, 1951, through February, 1953. 

2. Aseries of 1,000 patients which were seen in this eighteen-month period 
is analyzed and compared with two previous reports from this institution. 

3. The incidence of organic heart disease is still greater in the Negro than 
in the white, but much less so than twenty-five years ago. 

4. The incidence of hypertensive heart disease is approximately the same 
as before, but that of arteriosclerotic heart disease has increased. There has 


been a tenfold increase in the diagnosis of congenital heart disease. 
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5. Syphilitic heart disease has conspicuously decreased and is now infre- 
quent. 

6. Rheumatic heart disease in Texas has shown little change in frequency, 
but there has been a slight decrease in bacterial endocarditis. 

7. Hypertension, as before, is more common in the Negro than in the 
white, while arteriosclerosis is less frequent. However, the peak age incidence 
of hypertension seemingly occurs a decade later in each race than in the previous 
studies. 

8. There has been a striking increase in the diagnosis of angina pectoris, 
which although more common in the white, has been frequently recorded in the 
Negro. 
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THE USE OF PROTOVERATRINE IN THE TREATMENT OF 
HYPERTENSIVE VASCULAR DISEASE 


J. H. Currens, M.D., G. S. Myers, M.D., Aanp P. D. Wuitr, M.D. 


Boston, MAss. 


HE purpose of this report is to present our experience with the use of proto- 

veratrine in one hundred patients with hypertensive vascular disease. It is 
not possible to give a final answer as to the effect of this drug as a treatment of 
patients with hypertension. We cannot do this because the evaluation of any 
treatment of a chronic disease is hazardous and difficult unless the treatment is 
curative or unless improvement is prompt and sustained. This is particularly 
true of a disease such as hypertensive vascular disease which persists for a decade 
or more in a high proportion of patients and has a variable course. The natural 
history of hypertensive vascular disease has not been well delineated and the 
number of drugs and treatments which have been used in the past fifty years, 
only to be abandoned, is large. It is recognized that the final evaluation of any 
treatment of a chronic disease requires ten or more vears and a large number of 


patients with adequate control study. 


HISTORICAL 


Protoveratrine was first isolated by Salzberger' in 1890 and some of its 
pharmacologic properties were described two years later by Edens,’ both of 
whom were working in Leipzig, Germany. It is an alkaloid from veratrum album 
which is the European or white flowered veratrum plant in contrast with veratrum 
viride which is found in North America. The methods of extraction which led to 
the current availability of this drug were developed by Poethke* from Leipzig 
and Craig and Jacobs‘ from the Rockefeller Institute for Medical Research in 
New York City. Krayer and associates*** have done extensive investigation on 
the pharmacology of the veratrum alkaloids and have considered protoveratrine 
a suitable drug for clinical trial. We are indebted to Professor Otto Krayer for 
helpful advice and for supplying the protoveratrine used during the first part of 
this study. 

From the Cardiac Laboratory of the Massachusetts General Hospital and the Department of Medi- 
cine, Harvard Medical School 

We are indebted to Dr. Kenneth Kohlstaedt of the Eli Lilly & Company for a grant-in-aid and for 
generous supplies of the drug as Provell Maleate used during this study We are also indebted to Dr 
Carl Bunde, Pitman-Moore Company, Indianapolis, Ind., for a grant-in-aid and for parenteral solution 
and tablets of protoveratrine supplied under the trade name of Veralba 

This study was supported in part by a generous donation from Stephen S. FitzGerald 

Received for publication July 21, 1953 


576 


CURRENS ET AL.: PROTOVERATRINE FOR VASCULAR HYPERTENSION 577 


leratrum album has been used for several centuries as a medicine. Two cases 
of death attributed to veratrum poisoning are included in Benivenio’s book® pub- 
lished in 1507. Jacob Bigelow devotes considerable space to veratrum in_ his 
American \ledical Botany published in 1819 and describes it as: 


an acid emetic and a powerful stimulant followed by sedative effects. .\s a medicine or 
as a poisonous plant it has been known from an early period. Josselyn in his voyage to New 
England which took place not long after the first settlement of the country informs us that the 
young Indians had a custom of electing their chiefs by a sort of ordeal instituted with the roots of 
this plant which he calls ‘white hellebore.” A portion of this root was repeatedly given to each 
individual and he whose stomach made the most vigorous resistance or soonest recovered from 
its effects was considered the stoutest of the party and entitled to command the rest.”’ 


The first use of veratrum viride to control the convulsions of eclampsia is 
ascribed by Irving" to Baker” of Alabama, who administered it to one patient 
in 1859. Mangiagalli® appears to have been the first to demonstrate a fall in the 
blood pressure of human subjects after the administration of veratrum in patients 
with toxemia of pregnancy. Collins“ in 1915 reported the clinical measurements 
of blood pressure change after veratrum. MacNider’ emphasized the value of 
veratrum in toxemia of pregnancy and stated in 1925 that eclamptic convulsions 
could be prevented if the pulse rate were controlled to 65 per minute or less. He 
commented on the “softening’’ and slowing of the pulse produced by veratrum. 
Kreis and Stanton" presented a clinical evaluation of veratrum viride in the treat- 
ment of hypertension in 1948. 


Such treatment of hypertensive states employed crude extracts containing 
several alkaloids and required biologic assay for standardization. The avail- 
ability of protoveratrine made it possible to use a purified alkaloid which can be 
administered by weight. This is particularly important in the use of veratrum 
compounds where a delicate regulation of dosage is necessary in order to obtain 
a therapeutic effect without undesirable symptoms.* 


METHOD OF STUDY AND PROCEDURES 


One hundred patients were observed in the hospital and received proto- 
veratrine by the intravenous, intramuscular, or oral route. Ejighty-one of the 
one hundred patients had no related disease to account for the hypertension. Of 
the remainder the clinical diagnoses were as follows: fourteen with pyelonephritis 
or glomerulonephritis, three with polvarteritis, and one each of Cushing's syn- 
drome and coarctation of the aorta. 


Twenty-seven patients received protoveratrine for six months to three years 
and were selected by their ability and willingness to take the drug for such a 
period as treatment for the hypertensive vascular disease. This gioup contains 
twenty-four patients with symptoms and complications related to hypertensive 
vascular disease as shown in Table |. Thirty of the patients had one or more 


*Nash and Brooker! were able to separate protoveratrine prepared by the method of Craig and 
Jacobs into two components: protoveratrine A and protoveratrine B Pharmacological studies indi- 
cate that the action of the two alkaloids is similar. 
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admissions to a special investigative ward in the hospital where observations 
were made of the blood pressure and pulse rate hourly (from 7:00 a.m. to 11:00 
p.m.) by the nursing staff of the ward. After the oral administration of proto- 
veratrine the blood pressure and pulse rate were determined every half hour for a 
period of two hours except after the 11:00 p.m. dose. The blood pressure was 
measured when the patient was sitting and the position of the arm was such that 
the elbow was at the level of the heart. 

Patients were readmitted periodically to the hospital for further observation 
and evaluation. At this time protoveratrine was continued for three days in the 
same dosage used during the few weeks before re-entry. Protoveratrine was then 
omitted for one to four days or a placebo was substituted. Since most patients 
had mild subjective sensations when protoveratrine was given to tolerance, it was 
usually possible for them to recognize the period of placebo administration. 
Protoveratrine was again started and the dosage schedule was arranged so as to 
keep the blood pressure as near to normal as possible without producing un- 
pleasant symptoms. 

The diets of the patients were moderately restricted in sodium content so 
that the daily intake of sodium was between one-half and one gram. Digitalis 
was discontinued in those patients who had cardiac irritability since it was our 
impression that regulation of the dosage was easier when protoveratrine was 
given alone. Phenobarbital was administered to five patients who had been 
accustomed to taking the drug for nervousness. No other medication was 
administered except for a hypnotic at bedtime when necessary for sleep. 

Protoveratrine was administered intravenously on one or more occasions to 
each patient in an effort to determine the immediate effect of the drug. Four 
hundred such injections have been given to date. During the first six months of 
the study protoveratrine was administered intramuscularly as long-term treat- 
ment. Five patients received intramuscular protoveratrine while in the hospital 
and were able to continue self-administration of the drug intramuscularly while 
outside of the hospital. After six months when the supply of the drug was greater 
it was given orally in two or three times the intramuscular dosage and the intra- 
muscular administration was discontinued. 

During the residence period in the hospital other studies were done which 
included the effects of intravenous protoveratrine on hemodynamics,'* renal 


function,'® and digital pulsation and digital skin temperature.” 


RESULTS 


The twenty-seven patients reported in this study constitute a selected group 
in that they all received protoveratrine for a period of six months or longer. Ten 
of these patients were dead three years after this study was started as indicated 
in Table I. All of these ten patients had symptoms referable to hypertensive 
vascular disease; five had cardiac dyspnea and four had choked discs at the 
beginning of treatment. There were five Negro patients of the one hundred 
patients who died from renal insufficiency within two months of the first observa- 
tion despite attempted control of the hypertension with protoveratrine. 
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Seventy-three patients either did not receive oral protoveratrine or received 
protoveratrine for a limited period of time. Twenty patients found the subjective 
symptoms resulting from protoveratrine administration sufficiently unpleasant 
to preclude the use of the drug. In other patients the ward physician did not 
agree to administer protoveratrine or another method of treatment was tried. 


Ileadache.—The subjective symptom of headache is difficult to evaluate in 
regard to severity and etiology. However, the type of pain described by nineteen 
of the twenty-seven patients in this report was considered to be characteristic of 
hypertensive headache. The headache occurred in the morning upon awakening 
and although it was usually occipital in location, it sometimes involved the frontal 
and temporal regions. The headache was associated with high blood pressure 
readings for each individual. A few patients also reported a dull type of general- 
ized headache when the blood pressure was low following a reaction to proto- 
veratrine. This usually persisted for not more than one hour and subsided as 
soon as the blood pressure began to increase. Fifteen of the patients reported 
good relief from headache while taking protoveratrine and in four patients the 
relief was decribed as fair. The prompt disappearance of hypertensive headache 
after the intravenous injection of protoveratrine was observed several times dur- 
ing hypertensive crises. 

The following case report illustrates a patient who had hypertensive head- 
ache as well as partial Joss of vision from hypertensive vascular disease. He was 
the first patient in this study to receive protoveratrine as long-term treatment. 


CasE 1.—A 19-year-old man was first seen in the hospital in 1940 for a knee operation. The 
past history was not significant, and there was no family history of hypertension., The blood 
pressure was 130/70 mm. Hg. Urinalysis indicated a specific gravity of 1.023, four plus albumi- 
nuria, and 10 to 30 red blood count in the sediment. The nonprotein nitrogen was 18 mg. per cent 
and the phenolsulfonphthalein excretion in two hours was 80 per cent. The discharge diagnosis 
was subacute glomerulonephritis. 

The second hospital admission was in May, 1949, at age 28. He had noted blurring of vision 
of the left eye and frontal headaches for one month. Examination revealed a blood pressure of 
240/150 mm. Hg. Choking of the discs with hemorrhages and exudates throughout each retina 
were noted. The heart was normal and there was no edema. Urinalysis indicated specific gravity 
of 1.016, three plus albuminuria, and normal sediment. The blood nonprotein nitrogen and 
phenolsulfonphthalein excretion were again normal. In the hospital his blood pressure averaged 
180/130 mm. Hg as recorded by the nursing staff. He was given a rice and fruit diet,?! and he 
received protoveratrine intramuscularly each twelve hours for three days. His average blood 
pressure during this time was 140/90 mm. Hg. He was discharged without protoveratrine and 
continued with a rice and fruit diet for a period of three months during which time he was able to 
work and had no headache. The vision improved and the retinal abnormalities regressed. 

Because of intolerance of the rice and fruit diet he was readmitted to the hospital and was 
transferred to a diet of 50 grams of protein and 500 mg. of sodium per day. On this program his 
blood pressure remained considerably elevated averaging 170/130 mm. Hg. Intramuscular 
injections of protoveratrine three times a day in the dosage of 0.25 to 0.40 mg. again reduced the 
blood pressure to approximately 140/90 mm. Hg. Protoveratrine by self-injection each eight 
hours was begun in October, 1949. 

After six months the blood pressure was found to respond to oral protoveratrine as well as it 
did to the drug intramuscularly in dosage of 0.5 to 0.75 mg. every six or eight hours. He has 
continued the protoveratrine since this time. The use of a placebo is invariably followed by head- 
ache and palpitation within twelve hours. His last hospital entry was in February, 1952, at which 
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time his blood pressure was moderately well controlled on protoveratrine seven times a day as 
illustrated in Fig. 1. Whena placebo was substituted for protoveratrine there was a prompt rise 


of pressure within eight hours. 


Comment.—A diagnosis of chronic glomerulonephritis with advanced hyper- 
tensive vascular disease was made in this patient. He has been able to continue 
his work and has arrived at a satisfactory schedule of protoveratrine dosage. 
There has been little evidence of progression although some tortuosity of the 
aorta is now demonstrable by roentgenogram, and early evidence of left ven- 
tricular hypertrophy is evident by the electrocardiogram. A survival of three 
and one-half years after the appearance of advanced hypertensive changes in the 
retina is noteworthy. 

Cardiac Dyspnea.—A history of congestive heart failure with a decrease in 
cardiac reserve was present in ten patients. Three of these patients had expe- 
rienced recurrent acute pulmonary edema, each of whom had relief of this symp- 
tom while taking protoveratrine. Four of the patients complained of orthopnea 
which disappeared or decreased during the administration of the drug. The 
following case reports illusirate the symptomatic benefit noted by two patients. 


MM. He JH OQ 
2507 GLOMERULONEPHRITIS , CHRONIC 
HYPERTENSIVE VASCULAR DISEASE 
SYSTOLIC 
20074 
1507 
DIASTOLIC 
1007 » 
901 PLACEBO 
PROTOVERATRINE PROTOVERATRINE 
ENTERIC COATED DOSE AT BEDTIME 
1/26 1/27 1/28 1/29 1/30 1/31 2/1 2/2 
1952 TIME IN DAYS 


Fig. 1 The two-hour blood pressure and pulse values (the average of two one-hour readings) as 
obtained by the nursing staff from 7:00 a.m. to 7:00 p.m. are recorded Protoveratrine therapy was 
interrupted by placebo for one day as indicated During the last four days an enteric-coated dose of 
protoveratrine (0.5 mg.) was given at bedtime and seemed to result in lower blood pressure readings in 
the morning upon awakening 


Case 25.—A 44-year-old physician was admitted to the hospital in March of 1952. Mild 
hypertension had been noted six years before entry. Headaches and dyspnea had been present 
for one vear. He had noted transient blurring of vision in the left eye six months before entry. 
Similar blurring in the right eve occurred three weeks before entry and paroxysmal nocturnal cough 


with dyspnea was first noted. Digitalis therapy lessened the dyspnea and cough, but headaches 
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persisted. The family history was remarkable in that his parents had died of hypertensive vascu- 
lar disease at 53 and one brother had mild hypertension. 

Physical examination revealed choked discs and numerous hemorrhages and exudates in 
the retina. The neck veins were distended and pulsating. The heart was enlarged and a promi- 
nent apical protodiastolic third sound was heard. There was no dependent edema. The blood 
pressure was 270/120 mm. Hg. Urinalysis demonstrated two plus albuminuria and the blood 
nonprotein nitrogen was 33 mg. per cent. The phenolsulfonphthalein test indicated 55 per cent 
excretion of dye in two hours. The electrocardiogram was abnormal and consistent with hyper- 
tensive heart disease. The heart was large by roentgenographic examination (Fig. 2). 

An oral protoveratrine dosage schedule was established during ten days’ hospitalization, 
where he received 0.7 mg. of protoveratrine every eight hours. The fall in blood pressure was to 
the high normal or slightly hypertensive range part of each day. Sodium restriction was con- 
tinued, digitalis omitted, and his weight decreased by thirteen pounds without mercurial diuresis. 
He had no further headache and his cardiac reserve was good. The vision in the right eye also 


Fig. 2 (Case 25 Telerentgenogram of the chest at the beginning and after four months of proto- 
veratrine therapy. A moderate decrease in heart size is apparent 


improved. He returned to a part-time surgical practice after one month. He experienced occa- 
sional reactions to protoveratrine consisting of excessive salivation, nausea, and vomiting once or 
twice a week. He was again seen in the hospital in July, 1952, for observation at which time there 
had been significant improvement in the size of the heart (Fig. 2) and improvement in the retina 
(Fig.°3). The electrocardiogram had not changed appreciably. The blood nonprotein nitrogen 
at this time was 42 mg. per cent and his phenolsulfonphthalein test was unchanged. Two plus 
albuminuria persisted. 

He continued to respond satisfactorily to protoveratrine four times a day as follows: 0.70 mg. 
at 8:00 a.m.; 0.75 mg. at 1:00 p.m. and 6:00 p.m.; and 0.90 mg. at 11:00 p.m. It was decided at 
this time that the addition of 1-hydrazenophthalazine, 75 mg. twice a day to the protoveratrine 
regimen would be worth a trial, and after six days in the hospital he was discharged on such a 
combined program. He continued this for five weeks after which time palpitation of the heart 
and dyspnea on effort were bothersome. In an effort to minimize the unpleasant reactions to 
protoveratrine he had reduced the dosage of this drug to 0.5 mg., 0.55 mg., and 0.8 mg. the same 
hours as above. The 1-hydrazinophthalazine was omitted and the dosage of protoveratrine was 
increased to the point of tolerance. The dyspnea and palpitation disappeared and the blood pres- 
sure and pulse rate were lower. 

He returned in October, 1952, because of excessive fatigue, dyspnea, and vomiting. 
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Physical examination indicated a blood pressure of 230/115 mm. Hg and a pulse rate of 95, 
Funduscopic examination revealed choking of the discs and extensive narrowing of the arteries 
with a few fresh hemorrhages and exudates. ‘The chest roentgenographic film after four days in 
the hospital failed to demonstrate significant change in heart size from the examination three 
months before, despite recurrent acute dyspnea. There was no disteution of the neck veins or 
dependent edema. The hemoglobin was 15 grams per cent, blood nonprotein nitrogen was 52 mg. 
per cent and there was two plus albuminuria. He had several attacks of acute pulmonary edema 
of short duration while in the hospital. Digitalis was added to the regimen without benefit. 


However, the blood nonprotein nitrogen rose and he died in uremia ten days after hospital entry. 


A. B 


A) three weeks and (23) four months after instituting 


Fig. 3 Fundus photographs of Case 25 
hemorrhages, and choking of the disc is evident 


protoveratrine therapy Decrease in exudates 


Comment.—This patient demonstrated an advanced and rapidly progressive 
type of hypertensive vascular disease. The family history indicated a high inci- 
dence for similar trouble. His response to protoveratrine was significant and 
gratifying with relief of headache and dyspnea, and he was able to return to work 
for six months. There was also objective evidence of improvement in that the 
size of the heart and retinal abnormalities decreased appreciably. It is difficult 
to say whether the hypertensive disease worsened or whether he developed a 
tolerance to protoveratrine. In amy event it became impossible to control his 
hypertension by the use of the drug, and he died from renal insufficiency after 
six months of therapy. 

There have been two other patients who have demonstrated a similar course 
after receiving protoveratrine, one dying within a period of two months and the 
other dying fourteen months after the institution of therapy. Each patient had 
a good initial response to protoveratrine. 


Case 27.—A fifty-six-vear-old man executive entered the hospital in March, 1952, because ot 
For twenty-five years tachycardia had been noted at the time of medical examination 


dyspnea. 
exertional 


with a normal blood pressure. Hypertension was first noted tive years before entry 
and nocturnal dyspnea had been noted for three years in spite of sodium restriction and digitalis. 


Eighteen months previously the blood pressure was reported as 245/170 mm. Hg, and he began 


having headaches. 
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Examination on entry revealed a blood pressure of 200/140 mm. Hg with 10 mm. of pulsus 
alternans. The heart rhythm was regular at 120 and there was moderate cervical venous disten- 
tion and pulsation. The heart was much enlarged with a loud apical protodiastolic third sound. 
There was no peripheral edema. The urine and blood nonprotein nitrogen were normal. The 
phenolsulfonphthalein excretion was 80 per cent in two hours. By roentgenographic examination 
the heart was much enlarged and there was some pulmonary congestion. One basal metabolic 
rate was plus 22 per cent. 

\fter intravenous protoveratrine the blood pressure fell from 160/130 mm. Hg with a heart 
rate of 112 to 110/80 mm. Hg with a rate of 84 in the course of fifteen minutes, at which time the 
pulsus alternans disappeared and the apical protodiastolic third sound was much reduced in in- 
tensity. Oral protoveratrine was then administered and he was discharged on a dose of 0.8 mg. 
four times a day. 

The second hospital admission was in September, 1952. There had been no recurrence of 
nocturnal dyspnea and the only unpleasant reaction to the protoveratrine was occasional irregu- 
larity of the heart after taking the drug. The blood pressure was 160/115 mm. Hg, and the pulse 
rate was 85. 

After five days in the hospital the protoveratrine was discontinued, and twelve hours later he 
had recurrent paroxysmal nocturnal dyspnea. Protoveratrine was again resumed, and he expe- 
rienced no recurrence of the nocturnal dyspnea. The dosage at the time of discharge was 1.2 mg 
four times a day with 1.0 mg. of enteric-coated protoveratrine at bedtime. 


Comment.—A diagnosis of hypertensive heart disease was made in this patient 
who had had tachycardia for many years and recent recurrent acute dyspnea. 
The protoveratrine reduced both the blood pressure and heart rate most of the 
time. Withdrawal of the drug resulted in recurrent dyspnea. 


Renal Insufficiency.—Four patients (Cases 7, 12, 21, 22) had renal insuf- 
ficiency with nonprotein nitrogen of 40 mg. per cent or more when protoveratrine 
therapy was started (Table 1). In two of these cases (7 and 12) there was evi- 
dence of renal insufficiency for three to six months before treatment. Four of the 
ten patients who died developed uremia as a terminal event (Cases 14, 21, 22, 24). 

The other patients had no nitrogen retention and many had normal renal 
function. Patients with nausea and vomiting attributable to renal insufficiency 
were difficult to regulate on protoveratrine since it was often impossible to deter- 
mine whether the nausea and vomiting were due to renal disease or to the drug. 
Vomiting from oral protoveratrine, however, usually appeared one or two hours 
after the administration of the drug. 

The following case report is unusual in our experience in that a patient with 
slight renal insufficiency did not show progression during a period of eighteen 
months’ treatment until a terminal gastrointestinal hemorrhage. His symptoms 
were those of cardiac dyspnea and headache. 

CasE 7.—A 32-year-old man entered the hospital because of dyspnea. Hypertension was 
first noted three years before entry with a blood pressure of 280/140 mm. Hg. There had been 
frequent early morning headaches during this same period of time. A three-stage thoracoplasty 
for tuberculosis had been done ten years before admission. In the nine months before entry there 
had been three episodes of acute pulmonary edema requiring hospitalization, the last attack oc- 
curring three weeks prior to admission. 

Shortly after entry to the hospital while in bed he developed acute pulmonary edema. The 
blood pressure was recorded at 300/200 mm. Hg and the pulse rate was 180. He was unconscious 
and cyanotic. The patient was treated with oxygen and morphine; tourniquets were applied to 
the extremities. He received 0.11 mg. of protoveratrine intravenously 30 minutes after the onset 
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of dyspnea which was followed by a decrease in pulse rate from 140 to 96 in the course of ten 
minutes and his blood pressure decreased to 190/110 mm. Hg. Dyspnea decreased and conscious- 


ness returned after a period of one hour. 


Two days after recovering from this episode the blood nonprotein nitrogen was 75 mg. per 
cent. He was started on intramuscular injections of protoveratrine every six hours in dosage of 
0.25 mg. On this program while in the hospital his blood pressure range was 170 to 210/110 to 
150mm. Hg. The pulse rate varied from 80 to 100 per minute. With the substitution of a placebo 
the blood pressure promptly rose to 250/170 mm. Hg. He experienced a reaction to the medica- 
tion two or three times a week which resulted in nausea with or without vomiting. His blood 
pressure at such times was low in the range of 100/60 mm. Hg. He was discharged on a dosage of 
protoveratrine 0.35 to 0.40 mg. every eight hours. The patient adjusted his own dosage on the 
basis of the previous day's experience. 

He was again observed as a patient in the hospital in June, 1950, at which time his blood 
pressure was found to fluctuate widely. He received protoveratrine by mouth in a dosage of 
about one mg. every six hours. On this program his blood pressure was moderately well con- 
trolled but still fluctuated considerably and at times was found to be as high as 240/170 mm. Hg 
before his next dosage of protoveratrine. Two to three hours after protoveratrine the blood 
pressure frequently decreased to 120/85 mm. Hg. The pulse rate slowed with the fall in blood 
pressure to 60 per minute and increased when the blood pressure was high to 110 to 120 per minute. 
His funduscopic examination at this time was unchanged and the blood nonprotein nitrogen was 
41 mg. per cent. 

He was next observed in the hospital in November, 1950, at which time he had increased his 
oral dosage of protoveratrine to 1.4 to 1.5 mg. every six hours with approximately the same 
response so far as the blood pressure and pulse were concerned. The blood nonprotein nitrogen 
was 80 mg. per cent. He was maintained on this program and after one year’s treatment was able 
to return to clerical work. His blood pressure fluctuated widely and he continued to have periodic 
nausea, vomiting, and weakness from excess protoveratrine one to three times each week. His 
blood nonprotein nitrogen during this time fluctuated from 45 to 80 mg. per cent. The hemoglobin 
was 10 Gm. per cent. His condition remained the same until August, 1951, at which time he was 
admitted to another hospital because of hematemesis and melena. The hemoglobin was 6 grams 
per cent and the nonprotein nitrogen was 140 mg. per cent. He died after three days in the hos- 
pital from acute pulmonary edema shortly after an erythrocyte transfusion. His nonprotein 


nitrogen the day of death was 240 mg. per cent. 


Comment.—This patient had hypertensive cardiorenal disease and suffered 
from hypertensive headache. During the eighteen months while taking proto- 
veratrine he was free from acute attacks of pulmonary edema and the headaches 
were less frequent and less severe. He had symptoms periodically from 
excess protoveratrine. The renal insufficiency did not appear to progress during 
this time, and it was not until he had a gastrointestinal hemorrhage that he 
experienced serious difficulty from which he died. It is assumed that the bleeding 
was from a peptic ulcer although no previous diagnosis of peptic ulcer had been 
made. Permission for autopsy was not granted. 


Choked Discs.—Eight patients of the twenty-seven were considered to have 
choking of the optic discs by funduscopic examination. During the course of 
treatment this was observed to disappear in five cases and in the other three cases 
the amount of blurring diminished but did not disappear. Improvement could 
not be attributed solely to protoveratrine since moderate to rigid restriction of 
sodium was carried out in all cases. Four of these patients are now dead, having 


died of uremia or a vascular accident. 
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Cerebral Vascular Accident.—There were five patients who were thought to 
have had a cerebral thrombosis previously. While under treatment three of the 
patients were observed to have cerebral vascular accidents, two of which were 
attributed to cerebral thrombosis and one to cerebral hemorrhage which resulted 
in death. Protoveratrine in full dosage temporarily aggravated the hemiparesis 
in three patients at the time of maximal protoveratrine effect. This, however, 
disappeared after one-half hour to one hour. In none of the patients observed to 
date has a cerebral vascular accident occurred at the time of maximal proto- 
veratrine effect either after oral medication or after an intravenous injection. 

Coronary Ileart Disease.—One patient had a clinical history of coronary 
thrombosis before treatment and had experienced occasional mild angina pectoris 
after the attack. This patient had no aggravation of angina while on protovera- 
trine and eventually died of a cerebral hemorrhage (Case 20). 

Two patients have been known to have myocardial infarction after the 
institution of treatment, one of them discovered only at autopsy (Case 2). He 
had not taken protoveratrine for two weeks before death. The second patient 
had a myocardial infarction ten months after treatment. We have not encoun- 
tered patients who complained of angina pectoris at the time of maximal hypo- 
tension. This is perhaps explained by the decrease-in left ventricular work at 
the time of protoveratrine effect. 


DOSAGE SCHEDULE 

The intravenous administration of protoveratrine results in prompt reduction 
of blood pressure with a concomitant decrease in puise rate when given in ade- 
quate dosage. The effective dosage was determined by trial and error in each 
patient but the usual initial dosage was 0.10 to 0.12 mg. If the initial dose failed 
to give a significant response then a larger dose was tried at a subsequent time 
three or more hours later. If the patient was in acute distress, an additional dose 
of about one-half the initial dose was given within thirty minutes. The range of 
dosage of the intravenous injections was from 0.10 mg. to 0.23 mg. The maximal 
effect was manifest in fifteen minutes, and the duration of effect was between 
one and two hours. 

The intramuscular administration of protoveratrine was used in the early 
portion of this study and the effective dose ranged from 0.20 to 0.50 mg. The 
maximal effect of the drug was found to occur between one and two hours after 
the injection and persisted for four to eight hours. Local pain was noted by some 
patients lasting from 30 to 60 minutes after the injection. Intramuscular injec- 
tion was considered to be less desirable than the oral administration of proto- 
veratrine since if overdosage occurred excessive dosage was vomited if the drug 
had been given by mouth. 

The ora! medication was found to be the most practical means of adminis- 
tering the drug as long-term treatment. The oral dosage varied over a wide range 
from 0.4 to 2.0 mg. and was found to be roughly ten times the intravenous dosage. 
However, no correlation was found between the amount of the drug necessary 
for a good response by the intravenous route as compared with the oral route. 
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The oral dosage is determined by trial and error, the usual initial dose being 0.5 
to 0.75 mg. given after meals and at bedtime. If no change in the blood pressure 
and pulse occurred after one day of such therapy the dosage was increased by 
0.10 mg. or 0.25 mg. daily or until unpleasant symptoms such as nausea and 
vomiting occurred. Delicate regulation of the dosage was found to be of para- 
mount importance in producing a hypotensive effect without resultant nausea. 
Adjustment of this dosage at times by 0.05 mg. may be necessary. 

Overdosage of ten times the usual dose has been observed at least six times 
during this study and resulted in nausea and vomiting within fifteen to thirty 
minutes. Hypotension appeared within thirty minutes and the blood pressure 
was 80 to 100 systolic and 50 to 60 diastolic, and the pulse rate was 40 to 60. 
One patient received seventy-five times the ordered dosage amounting to 50 mg. 
without disaster. He received atropine 0.6 mg. and ephedrine 25 mg. subcuta- 
neously and the hypotension lasted two hours. The nonprotein nitrogen of 60 
mg. per cent was the same two days after this overdosage as it had been before. 


SYMPTOMS FROM PROTOVERATRINE 


A composite list of the symptoms encountered after o1al protoveratrine is 
recorded in Table Il. Many of the patients described a warm sensation in the 
throat, chest or epigastrium thirty to sixty minutes after the drug was ingested. 


TABLE II. Composite List oF SyMPTOMS* NOTED AFTER THE ORAL 
ADMINISTRATION OF PROTOVERATRINE 


TIME 


(HOUR) SYMPTOMS 


! Warmth—throat—chest—epigastrium 
Perspiration—neck—chest—hands 
Salivation 

Rhinorrhea 


l Loose bowel movement 
Cramping in hands 
Nausea and vomiting 
Palpitation 


Relaxation 
Giddiness 
Weakness 
Dimness of vision 
Lethargy 
Hemiparesis—transient—slight 


*They are arranged in the sequence of their appearance and many symptoms were noted infre 


quently. The time of appearance is approximately related to the time intervals on the left 


The duration of this sensation varied from fifteen minutes to two hours. Many 
patients found this a useful indication that the drug was reducing the blood 
pressure. Accompanying this or following this symptom were perspiration, 
salivation, or occasional rhinorrhea. A precipitous loose bowel movement was 
noted infrequently and irregularly by three patients. Two patients noted cramp- 
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ing, weakness or stiffness of the hands which came about an hour and one-half 
after the administration of the drug. Nausea with or without vomiting has been 
a moderately frequent symptom usually lasting one-half to one hour. Palpitation 
due to premature systoles particularly in patients receiving digitalis has been 
infrequently reported. Giddiness, weakness, and sometimes dimness of vision 
were noted by a few patients. Three patients have had transient hemiparesis 
at the time of maximal effect of the protoveratrine. Recumbency was found to 
hasten recovery from such episodes. Atropine had little or no effect upon the 
nausea or vomiting or upon the hypotension. It did, however, dispell the ex- 
cessive bradycardia which accompanied the giddiness and dimness of vision in 
some cases. 

For the individual patient the dosage is usually constant after the first month 
of treatment. An occasional patient will require a gradual increase in dosage 
during the first month of administration. Three patients have been observed to 
have a good response to oral medication for a variable period of two to fourteen 
months after which time the blood pressure was higher and the effect of proto- 
veratrine on blood pressure and pulse rate was reduced (e.g., Case 25 presented 


above ). 
RECOMMENDED THERAPEUTIC PLAN 


The patient should be admitted to the hospital and the blood pressure and 
pulse rate taken at hourly intervals during the waking hours from 7:00 A.M. to 
11:00 p.m. for a two or three day control period. Protoveratrine is then tried 
three or four times during the day preferably after each meal and at bedtime. 
It is desirable that five hours separate the dosages during the day, and a schedule 
of protoveratrine at 8:00 A.m., 1:00 P.M., 6:00 P.m., and 11:00 P.m. was found to 
be satisfactory in most patients. In certain patients the effect of protoveratrine 
is more prolonged, and administration at 8:00 A.m., 3:00 P.m., and 11:00 P.M. is 
adequate. 

In patients with advanced hypertension it has sometimes been found desir- 
able to administer a small dose between the usual four doses making a total of 
seven doses of protoveratrine during the course of a day. The small dose given 
at 10:00 A.M., 3:30 P.M., and 8:00 P.M. is about one-half the doses after each meal. 
This allows for a more continuous protoveratrine effect during the course of a 
day. Enteric-coated tablets of protoveratrine at bedtime (0.5 to 1.5 mg.) have 
been found to result in lower blood pressure readings upon awakening in the 
morning. Such time disintegrating tablets given at 11:00 p.m. will have an effect 
between 4:00 and 5:00 a.m. and have been used alone with gratifying relief in 
patients with hypertension who experience headache upon awakening in the 
morning. 


The patient is encouraged to record his own dosage of drug while in the 
hospital! since after leaving the hospital the regulation is his own responsibility. 
The dosage schedule for the day is based upon the experience of the previous day. 
If a particular dose has resulted in the symptoms of overdosage, then that par- 
ticular dose is reduced by 0.05 to 0.1 mg. the next day. 
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DISCUSSION 


Recent work has clarified some of the hemodynamic effects of protoveratrine 
on hypertensive patients with or without congestive heart failure. It has been 
demonstrated by the cardiac catheterization technique that protoveratrine pro- 
duces a fall in systemic blood pressure both by effecting vasodilatation and by 
decreasing cardiac output, thus resulting in a reduction of the work of the left 
ventricle.'"* In patients with congestive heart failure after intravenous proto- 
veratrine a fall in pulmonary artery and “pulmonary capillary’’ pressures was 
observed. Renal function is temporarily decreased at the time of maximal 
hypotension after intravenous protoveratrine but returns to the control value 
within thirty minutes at a time when the blood pressure is still reduced.'® Finger 
plethysmographic and skin temperature studies indicate that the peripheral 
vasodilitation occurs more in the hand than in the foot.2” Gradual reduction 
of blood pressure with protoveratrine infusion by vein can be accomplished 
without decreasing renal function.” 

The primary question to be answered in the evaluation of any treatment of 
hypertensive vascular disease is whether the particular treatment has altered the 
natural course of the disease. For a given patient this is impossible to judge, since 
no two patients are identical, thus there is no control available for the individual 
patient. Evaluation is also complicated by the fact that the natural history of 
the disease is variable and unpredictable. A statistical study of life expectancy 
is the most satisfactory means of evaluating any therapy of hypertensive vascular 
disease. Such a study requires an untreated or control group which has been 
picked without bias, preferably at random, to be compared with the treated 
group. Such a control group is not available for comparison with the twenty- 
seven cases reported here nor has any been reported. Unfortunately an adequate 
control group (i.e., relevant, comparable, unbiased, precise criteria for diagnosis 
and sufficient follow-up) has been absent in all therapeutic reports for hyperten- 
sive vascular disease whether they be from a medical, surgical, or psychiatric 
viewpoint. 

The decrease in frequency and severity of certain symptoms in patients dur- 
ing the administration of protoveratrine suggested that this drug was helpful in 
many cases. This was particularly noteworthy in patients with hypertensive 
heart disease with either dyspnea on effort or recurrent acute pulmonary edema. 
Many patients also experienced relief from headache while on therapy. The sense 
of relaxation which was described by several patients during the effect of the drug 
was noteworthy. 

Occasional or frequent unpleasant effects of protoveratrine resulted in some 
patients being unwilling to take the drug. Other patients who experienced relief 
of their symptoms while on treatment were quite willing to accept the occasional 
bothersome reactions to the drug. An understanding of the effect of the medicine 
and the importance of the proper regulation of the dosage permits many coopera- 
tive and intelligent patients to take this drug satisfactorily. Reassurance that the 
nausea and vomiting are self-limited and not dangerous dispels the fear of such 


unpleasant symptoms. 
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While under treatment there was also objective evidence of improvement in 
some patients. In association with the lowering of the blood pressure certain 
patients with congestive heart failure were noted to have a decrease in pulse rate, 
disappearance of an apical protodiastolic gallop, and decrease in pulmonary 
congestion and heart size by roentgenogram. A few patients had electrocardio- 
graphic changes to normal or in the direction of normal. Decrease in retinal 
abnormalities was observed in some of the cases. 

It will be noted, however, that patients did experience the usual complica™ 
tions of hypertensive vascular disease in spite of protoveratrine including cerebral 
vascular accident and myocardial infarction. Renal function was not observed to 
improve for any prolonged period in any of these patients and four of the twenty- 
seven patients died as a result of renal insufficiency. It is impossible to say 
whether there had been any delay in the development of the uremia as a result of 
treatment. 

CONCLUSIONS 


1. Protoveratrine has been administered to twenty-seven patients with 
severe hypertensive vascular disease for six months to three years. Twenty-four 
ot these patients had symptoms of headache or congestive heart failure. The 
symptoms decreased or disappeared in many of them while taking the drug. 
Objective improvement was noted particularly in regard to the heart and the 
retina. 

2. Delicate regulation of the individual dose is necessary for the oral 
administration of this drug. It is usually possible for an intelligent and coopera- 
tive patient to adjust the dosage schedule in order to obtain the desirable effect 
of the drug without the symptoms of overdosage. 


3. The administration of protoveratrine is a reasonably safe method of drug 
treatment for hypertensive vascular disease. The final evaluation of this drug 
in the medical treatment of hypertension is impossible at this time. We have 
found it useful in patients with hypertensive heart disease, although a com- 
parative study with an adequate control group of patients would be necessary 
to prove that life expectancy is altered by this treatment. The fact that ten of 
the twenty-seven patients described in this study have died indicates that the 
drug does not offer satisfactory protection from serious complications in patients 
with advanced hypertensive vascular disease. 

We would like to express our appreciation to Dr. Otto Krayer for his original help and stimu- 
lus in this study, 

We are indebted to the following doctors who were actively associated with this study : Dee 


Timothy Counihan, Dr. Buford Hall, Dr. William B. Thompson, Dr. John McGinty, and Dr- 
R.B. Khambatta. Mrs. Olita Salitus gave technical assistance. 


ADDENDUM 


A recent report by Hoobler and associates” gives their experience with protoveratrine in the 
treatment of hypertension. They prefer a reduced dosage schedule limited to five hours each 


day. 
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THE TREATMENT OF HYPERTENSION WITH 
1-HYDRAZINOPHTHALAZINE (APRESOLINE)* 


COLONEL RICHARD P. JOHNSON, MEDICAL Corps, UNITED STATES ARMY 


PHOENIXVILLE, PA. 


HIS report concerns the treatment of forty ambulatory patients with hyper- 

tensive vascular disease with 1-hydrazinophthalazine (Apresoline). 

The exact manner in which 1-hydrazinophthalazine (Apresoline) lowers 
blood pressure is not known. It is thought by various workers to act centrally,} 
neutralize a hormonal neurogenic vasopressor mechanism of central origin, 
cause widespread vasodilatation,?* increase renal blood flow,® and have adreno- 
lytic and sympatholytic properties. According to Schroeder,! patients who have 
undergone an unsuccessful bilateral lumbodorsal sympathectomy react well to 
the antihypertensive action of 1-hydrazinophthalazine (Apresoline). 

The patients in this series were twenty men and twenty women, each of 
whom had been under observation (including hospitalization) for from 6 to 55 
months (average 26 months) before treatment with this drug. The treatment 
period was from 2 to 16 months (average eight months), and each patient was 
seen once a week. The drug was given orally, starting with 50 mg. twice daily. 
The number of daily doses was increased to a maximum of four, and each indi- 
vidual dose was gradually increased by 50 mg. increments, providing the decrease 
in the blood pressure was not satisfactory and the side effects were not severe. 
This increase of dosage was continued until either the blood pressure returned 
to normal, or the maximum hypotensive effect was obtained, or side effects pre- 
cluded further increase of the drug. The average daily dose for the series was 
350 mg., and the maximum dose was 1,000 mg. 


RESULTS 


The results were classified into three groups (Table 1). Group 1 consisted of 
seventeen patients (42 per cent of the series) in whom the blood pressure returned 
to normal. Group 2 consisted of nine patients (23 per cent of the series) in whom 
the blood pressure was reduced but not to constantly normal levels. Group 3 
consisted of fourteen patients (35 per cent of the series) in whom treatment was 
discontinued because the side effects from the drug were severe, although in 
several patients the blood pressure was decreased. 

From Valley Forge General Hospital, United States Army, Phoenixville, Pa 

Received for publication May 21, 1953 


*1-Hydrazinophthalazine known as Apresoline was provided by Ciba Pharmaceutical Products 
Inc., Summit, New Jersey. 
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PABLE I. SUMMARY OF RESULTS IN THE TREATMENT OF HYPERTENSION WITH 
1-HYDRAZINOPHTHALAZINE (APRESOLINE) IN Forty PATIENTS 


GROUP RESULTS NO. 0 
l Completely successful results, blood pressure returned to 
normal 17 42 
2 Partly successful results, 9 23 
A. blood pressure temporarily returned to normal 4 10 
B. blood pressure significantly lowered but not to 
normal 5 13 
3 Unsuccessful results due to side effects from the drug, 14 35 
A. blood pressure returned to normal 1 2 
B. blood pressure significantly lowered but not to 
normal 
C. blood pressure not significantly lowered 8 20 
Total 40 100 


Group 1.—The seventeen patients of this group (Table II) were twelve men 
and five women with hypertension that was mild in six patients, moderate in 
eight patients, and severe in three patients. Four patients (F39, M41, M44, 
45) had undergone unsuccessful bilateral lumbodorsal sympathectomies. None 
of the group had evidence of myocardial insufficiency. Four patients (M41, 
M60, M61, M64) had manifested coronary insufficiency and had myocardial 
infarction in addition to angina pectoris. None of the patients had serious renal 
insufficiency, but several had partial loss of urinary concentrating power. Only 
one patient (F45) had serious cerebral vascular disease (hemiplegia, now recov- 
ered). The women were all active housewives, and the men were all employed 
except for two (M60, M62) who were retired. 

It required from 2 to 42 days of drug treatment to lower the blood pressure 
to normal. The average time was 15 days and thirteen of the seventeen patients 
attained a successful result in less than 20 days, three patients required 21 to 30 
days, and one patient required 42 days. Two patients (M49, M61) continued to 
have slightly elevated systolic blood pressure. One of these (M61) had a blood 
pressure level of 130/70 mm. Hg during treatment, but because angina pectoris 
recurred, the dosage was decreased and his blood pressure was maintained at 
165/80 mm. Hg which kept him free of symptoms. Another patient (M60) 
developed angina decubitus after 14 months’ treatment. His blood pressure 
had been 145/85 mm. Hg for more than a year. The drug was discontinued, and 
his blood pressure then rose to 170/95 mm. Hg but his symptoms persisted. 
Therefore, he was hospitalized but he recovered quickly. His blood pressure on 
recovery was 150/90 mm. Hg. 

The daily dose of 1-hydrazinophthalazine (Apresoline) for this group ranged 
from 200 to 600 mg. and the average dose was 300 mg. After a normal blood 
pressure had been attained, the drug was temporarily discontinued in fifteen 
patients and the blood pressure then rose to the previous high levels in all except 
two patients (M44, M62). In these two, the drug had been discontinued after 
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treatment of more than one year, and they have continued with a normal blood 
pressure until the present time (two and six months later, respectively). The 
other patients promptly responded to renewal of the drug with a normal blood 
pressure. Two patients (M39, M44) with abnormal electrocardiograms (hyper- 
trophy of the left ventricle) have normal tracings after treatment of 12 and 16 
months, respectively. 

Side effects from the drug in this group were mild to moderate in severity 
and persisted for only a few weeks at the most. In general, the patients felt 
better; they felt more relaxed and less apprehensive. 

Group 2.—Group 2 consisted of nine patients who obtained less favorable 
results in the treatment of their hypertension with 1-hydrazinophthalazine 
(Apresoline) (Table IIT). 

A subgroup of Group 2 of four patients whose blood pressure temporarily 
returned to normal (two men and two women) had moderate (one patient) to 
One patient (M46) had undergone an 
None of these patients had 
Two pa- 


severe (three patients) hypertension. 
unsuccessful bilateral lumbodorsal sympathectomy. 
myocardial or renal insufficiency or serious cerebral vascular disease. 
tients had coronary insufficiency (F33, M57) and had healed myocardial infarcts. 

After an average treatment period of 21 days, and with an average daily 
dose of 300 mg. 1-hydrazinophthalazine (Apresoline), the blood pressure reached 
a normal level and remained so for varying periods after which, in spite of increas- 
ing doses of the drug, it again rose to a hypertensive level. However, the blood 
pressure then continued to be lower than before treatment. 

Of two men and three women in a second subgroup whose blood pressure 
was significantly lowered but not to normal, one patient had moderate hyper- 
None had myocardial or 


tension and four patients had severe hypertension. 
One patient 


renal insufficiency except for inability to fully concentrate urine. 
(F55) had a healed myocardial infarct. None manifested serious cerebral vascular 
disease. 

After about 40 days treatment, with an average daily dose of 340 mg. of 
1-hydrazinophthalazine (Apresoline), these patients attained significant lowering 
of blood pressure, but not to a continuously normal level. However, the hyper- 


tension became mild in degree. Blood pressure was not further lowered by 


increasing the dosage of the drug. 

More side effects from 1-hydrazinophthalazine (Apresoline) occurred in 
the patients in Group 2 than in those of Group 1. However, these were tempo- 
rary and did not necessitate stopping the use of the drug. 

This group of four men and ten women had hypertension that 


Group 3. 
One 


was moderate in five patients and severe in nine patients (Table IV). 
patient (M31) had undergone an unsuccessful bilateral lumbodorsal sympa- 
thectomy, and another (F47) had had a nephrectomy for a unilateral nonfunc- 
Two patients (M44, M50) had congestive heart failure mani- 


tioning kidney. 
None of the group had coronary in- 


fested by attacks of pulmonary edema. 
There was no renal insufficiency, except for low urinary concen- 


sufficiency. 
One patient (F44) had serious cerebral 


trating ability in several patients. 
vascular disease (hemiplegia). 
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SIDE EFFECTS FROM THE DRUG 


Only tour patients of the series experienced no side effects from 1-hydra- 
zinophthalazine (Apresoline), and they were in Group 1 (Table V). Headache 
occurred soon alter starting the drug in 75 per cent of the forty patients, but it 
was usually mild and temporary; however, in four patients it was severe and 
persistent enough to warrant discontinuing the drug. More often the drug was 
discontinued because of a combination of symptoms that included headache, 
palpitation, flushing of the skin, and weakness. Less frequent causes for stopping 
the drug were nausea and vomiting, marked tremor, a feeling of intoxication, or 
chill and fever. The disagreeable symptoms were usually less pronounced if the 
dosage was increased slowly and sometimes they were relieved by phenobarbital, 
aspirin, or an antihistamine. Wilkins’ has been able to avoid severe headaches 
in his patients by starting with an initial dose as small as 10 mg. 


TABLE V. Sipe Errects DvE To 1-HyYDRAZINOPHTHALAZINE (APRESOLINE) IN THE TREATMENT 
OF ESSENTIAL HYPERTENSION (BENIGN) IN Forty PATIENTS CLASSIFIED INTO GRouP 1 
(SUCCESSFUL RESULTS), Group 2 (PARTLY SUCCESSFUL RESULTS), AND Group 3 
(UNSUCCESSFUL RESULTS) 


GROUP 1 GRouP 2 GROUP 3 roTal 
17 PATIENTS | 9 PATIENTS = 14 PATIENTS 40 PATIENTS 
SYMPTOM 

NO NO NO NO (%) 
None } 0 0 } 10 
Headache 9 8 13 30 75 
Palpitation ! 3 5 12 30 
Tachycardia 2 2 5 9 23 
Flushing 9 23 
Weakness 3 1 5 9 23 
Tingling or numbness 3 3 2 8 20 
lremor 1 1 6 8 20 
Dizziness 3 2? 1 6 15 
Nausea } 2 6 15 
Vomiting 3 l } 10 
Swelling of ankles 2 2 } 10 
Drowsiness 1 2 1 } 10 
Chilliness 1 2 3 8 
Dry mouth 1 2 3 8 
Sweating 3 3 8 
Swelling periorbital 2 2 5 
Stiffness 2 5 
Chill and fever 1 1 3 
Arthritic hand 1 1 3 
Insomnia 3 

COMMENT 
The patients obtaining successful results (Group 1), with the exception ol 


three (F39, M44, M62), had relatively mild hypertension as compared with the 
other patients (Table V1). It is interesting to note that 60 per cent of the men 
in the series were in Group 1 (successful results) and that 50 per cent of the 
women in the series were in Group 3 (unsuccessful results). 
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When the drug was successful in lowering blood pressure, a satisfactory 
result was usually apparent after an average of two to three weeks treatment. 
It is our opinion that unless a significant lowering of the blood pressure occurs 
within two months’ treatment on a maximum daily dose of 800 mg., one may 
assume that the patient is not susceptible to the antihypertensive action of 
1-hydrazinophthalazine (Apresoline). 

Two patients in Group 1 had an aggravation of coronary insufficiency 
during treatment when their blood pressure was normal. None of the patients 
in the series had aggravation of myocardial, renal, or cerebral vascular insuf- 
ficiency. 


rasLE VI. A COMPARISON OF THREE GROUPS OF PATIENTS WITH HYPERTENSIVE VASCULAR 
DISEASE ACCORDING TO SEX AND PRETREATMENT BLOOD PRESSURE 


PRETREATMENT PERIOD BLOOD PRESSURE 


GROUP* rOoTaAl MEN WOMEN MEN WOMEN 
NO. NO. 
HIGH LOW HIGH LOW 
| 17 12 5 195/120 170/105 200/120 185/105 
2 9) } 5 240/140 180/115 220/130 205/120 
3 14 j 10 220/150 190/115 235/135 205/115 
Total 40 20 20 


*1—-successful results; 2—-partly successful results; 3—-unsuccessful results. 


SUMMARY 

Forty-two per cent of forty patients with hypertensive vascular disease 
had blood pressure determinations within normal limits after treatment with 
1-hydrazinophthalazine (Apresoline). Another 23 per cent of the patients had 
a lowered blood pressure but not to constantly normal levels. The remaining 
35 per cent of the patients had severe side effects from the drug, necessitating its 
discontinuance, although several of these patients had a lowered blood pressure 
during treatment. 
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EXPOSURE OF HUMAN CARDIAC MUSCLE TO 
RADIOACTIVE DIGITOXIN IN VITRO 


WALTER J. BuRDETTE, Ph.D., M.D. 


NEW ORLEANS, LA. 


ECENT advances in surgery and isotopology have made new methods of 

investigation available for studying the effect of digitalis and its deriva- 
tives on human myocardium. Previous experiments® showed that lanatoside C 
acts directly on the myocardium to increase oxygen consumption of the tissue. 
As an extension of this work, slices of tissue from the auricular appendage were 
incubated with digitoxin labeled uniformly with carbon-14, and the activity of 
carbon dioxide respired was measured to determine whether the digitoxin was 
converted to 

METHODs* 


The auricular appendage was removed at thoracotomy in seven patients. 
Three patients (C, E, and G) had mitral stenosis, and the left auricular appendage 
was removed as a part of mitral valvulotomy.’ In the remaining four patients 
bronchogenic carcinoma too extensive to resect was found, and the right auricular 
appendage was removed in the course of the exploratory procedure. Three 
patients were women and four were men; three were white and four were Negroes. 
Ages ranged from 35 to 62 years. Patients G and E were receiving digitalis at 
the time of operation, but the remainder had never received the drug. None of 
the patients were in congestive failure at the time of operation and none were 
found to have an arrhythmia. 

Each specimen removed at operation was placed in a container resting on 
ice and was cut into slices 0.5 mm. thick immediately after excision. These 
were then transferred to Warburg vessels containing Krebs-Henseleit physiologic 
saline containing Ca in concentration of 2.4 meq./L. After addition of oxygen 
and equilibration, oxygen consumption of the tissue was determined over a 
period of 3 or 4 hours. One sample from each of the seven appendages was 
used as a control determination, and digitoxin was added to the medium in 


fifteen additional determinations. 


From the Department of Surgery, Louisiana State University School of Medicine, New Orleans, La. 

Aided by a grant from the National Heart Institute, Department of Health, Education, and Wel- 
fare 

Received for publication June 19, 1953. 

*Appreciation is expressed to Dr. C. H. Haddox, Jr., for his assistance during some of these ex- 
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The digitoxin used was extracted from leaves of Digitalis purpurea grown in 
an atmosphere of C“O.. The method of extraction was that described by Geiling 
and co-workers’ and material prepared by Kelsey was obtained commercially.* 
The activity was 0.03 uc per milligram or 66,600 disintegrations per minute 
per milligram in all samples except 10 through 13 for which the activity of the 
glycoside was 0.34 uc per milligram or 754,800 disintegrations per minute per 
milligram. The glycoside of lower specific activity was highly purified, and the 
material of higher specific activity was a cruder extract. The crystalline ma- 
terial was dissolved in one part ethanol, five parts physiologic saline and used 
in final dilution of 0.5 mg. per cent or 1 200,000 dilution except in samples 14 
and 15. In the last two samples the amount of digitoxin used was increased 
one-hundred-fold. In addition to radioactive digitoxin, the medium contained 
0.02 M. sodium pyruvate in six vessels. 

At the end of the incubation period gas in the system was thoroughly flushed 
back and forth between manometer and vessel. Potassium hydroxide was re- 
moved from the vessel, and the center well was washed with distilled water. 
Previous control studies showed that similar washing removed all active material. 
One-half milliliter of 8 per cent NH,Cl was added to the KOH washings, and 
the C'™ present in dissolved C"O. was precipitated as BaC™O; by adding 1 ml. 
of BaCl. (79 mg. per milliliter) solution.'' The crystals were washed with 95 
per cent ethanol and filtered on filter paper which then was transferred to a 
brass disk for counting after drying. Counts of activity were made with a thin- 
window Geiger-Mueller tube and also with an open-window flow counter in the 
proportional range of voltage. 


RESULTS 


An average of 10.7 + 1.4 mg. dry weight of tissue was used in the control 
group, and an average of 12.0 + 1.0 mg. dry weight of cardiac muscle was in- 
cubated with digitoxin (Tables I and II). All samples of muscle respired in 
the presence of digitoxin, and the average oxygen consumption per milligram 
dry weight over the total period measured was 12.2 + 1.9 cu. mm. (Table 11). 
This was higher than the average oxygen uptake by slices without digitoxin 
in the medium which was 9.0 + 2.0 cu. mm. oxygen per milligram dry weight. 
Tissue from six of the appendages respired at a higher rate in the presence of digi- 
toxin. than when suspended in physiologic saline alone. The average uptake of 
oxygen at the end of 1, 2, 3, and 4 hours is given in Table II], where the results 
with and without digitoxin are compared. In every instance the average amount 
of oxygen consumed was appreciably greater in the group with digitoxin added. 
The results are suggestive, but not statistically significant. Oxygen consumption 
by samples 14 and 15 to which 1.0 mg. digitoxin was added amounted to 75 
per cent of the total at the end of 15 minutes of incubation. 

When activity was measured with a Geiger-Mueller tube, the average 
number of counts per minute in excess of background was 1.4 in the control group 
and 1.0 in the presence of digitoxin. With the use of a flow counter, the mean 


*Nuclear Instrument and Chemical Corp., Chicago, Illinois. 
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TABLE 1. MEASUREMENT OF RADIOACTIVITY IN CO2 RESPIRED BY HUMAN 
Carprac Muscrie Contror (SALINE MEpIuM) 


DISINTEGRATIONS PER MINUTI 
IN EXCESS OF BACKGROUND 


CU. MM. © 
SAMPLI PATIENT HOURS OF MG. DRY WT. CONSUMED PER 
NUMBER INCUBATION OF TISSUI MG. DRY WT. GEIGER FLOW COUNTER 
MUELLER PROPORTIONAL 
TUBI RANGE 
1 \ 3 0.0 } 3 
2 B } a 15.7 0) 0 
3 } 15.9 2 18 
} 1) } 11.1 14.4 } } 
5 E | 5.0 10.0 0 91 
6 F } 8.1 6.2 ( 
7 G | 15.0 11.7 0 0 
\verage 0.7 + 1.4 9.0 2.0 1.4 19.8 


*Standard error of the mean 


PaBLE I]. MEASUREMENT OF RADIOACTIVITY IN COs RESPIRED BY HUMAN CARDIAC 
Musciteé LABELED D1iGiToxIN AppED To MEDIUM 


DISINTEGRATIONS PER MINUTI 
IN EXCESS OF BACKGROUND 
CU. MM. © 


SAMPLI PATIENT HOURS O| MG. DRY WT. CONSUMED PER 
NUMBER INCUBATION OF TISSUI MG. DRY WT. GEIGER- FLOW COUNTER 
MUELLER PROPORTIONAI 
rUBI RANGE 

\ 13.3 6 | 
2 \ 3 11.0 10.0* j ? 
3 \ 3 i4.0 8.6 2 0 
} \ 3 11.0 Py 0 0 
5 B } 9 7 0.4 0 0 
6 & } 15.9 7.4 0 0 
7 19.3 $.1° 0 0 
8 1) | 11.7 15.4 0) 0 
9 1) } 11.7 9 8* 0 14 
10 } 5.8 0 0 
11 1.9 14.0 0 0 
12 F | 11.8 1.2 0 

13 F } 9 6 1.4" ) 

14 G } 17.3 20.7 1 29 
15 G } 14.3 28 .3° 0 0 

\verage 12.0 1.0 1.9 1.0 3.5 


*“).02 M Na pyruvate substrate. 


activity of samples in the control group was 19.8 counts per minute in excess of 
background and 3.5 counts per minute in the group to which digitoxin was added. 
The instruments used were checked with samples of digitoxin and found to be of 
sufficient sensitivity to detect the range of emissions in the dilutions used. 


of 
ol 
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PaBLE II]. MEAN OXYGEN CONSUMPTION OF HUMAN MYOCARDIUM 


CONTRO! DIGLTOXIN ADDED 
INTERVAL 
(MINUTES) NO. OF MEAN CU. MM. NO. OF MEAN CL. MM. 
DETERMINA- Os CONSUMED PER DETERMINA Os» CONSUMED PER 

TIONS MG. DRY WT. TIONS MG. DRY WT. 
60 7 2.9+ 0.6 15 7.8 1.8 0.09 
120 7 5.0 +1.0 15 10.2 1.8 0.08 
180 7 6.4 + 3.9 15 11.3 1.8 0.05 
240 7) 10.5 + 1.6 10 14.2 2.3 0.31 

DISCUSSION 


The reports of a multitude of investigators from the time of Withering" 
and Vulpian to the more recent work of investigators such as Cushny® and Cattell 
and Gold‘ indicate that digitalis and derivatives primarily increase the force 
of myocardial contraction. Recently Geiling and have re- 
examined the distribution and excretion of digitoxin, using glycoside labeled with 
C'. They found that this glycoside was rapidly removed from the circulation 
and that digitoxin and metabolites containing C'™ were widely distributed in the 
tissues, including cardiac muscle. Sjoerdsma and Fisher™ reported that fixa- 
tion of the glycoside in the myocardium of guinea pig, rabbit, and cat was par- 
tially reversible by washing and that 50 to 70 per cent of the total radioactivity 
could be extracted as digitoxin. The myocardium of the rat showed less affinity 
for the drug.'* The kidney was an important route of excretion in the cat and 
inman. In patients, unchanged digitoxin was detected in the 10 per cent ethanol 
and chloroform eluate of urine for as long as 40 days after administration of a 
single dose.'® These studies therefore indicate that digitoxin in unchanged form is 
available to the myocardium for prolonged periods. 

Glycosides have a direct effect on the human myocardium? and any infor- 
mation about the nature of this action on human cardiac tissue should be valu- 
able. Although this investigator is dealing with a compound which is effective 
in high dilution and which is toxic when concentration is increased appreciably, 
use of slices and labeled digitoxin should indicate whether the drug is completely 
broken down to COs, by the tissue. Intermediates from cleavage of the glycoside 
molecule could also be converted to the indicator, C“O., used in the experiment. 

There is ample evidence that the tissue was respiring (Tables | and II), 
and, although not statistically significant, the samples of muscle consumed oxygen 
at an increased rate in the presence of digitoxin (Table III). It is likely, in view 
of a similar significant effect of lanatoside C on respiration’, that the labeled 
digitoxin has caused the increased oxygen uptake by the cardiac muscle. In 
spite of the fact that the muscle is respiring at increased rate due to drug action, 
there is no indication that it is being broken down and converted to CO». Since 
this is true of samples with and without the addition of exogenous substrate, a 
possible limiting factor of the concentration of available sources of energy has 
been removed. Also, there was no inability of the muscle to convert certain 
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labeled compounds to C™Qsz, since slices from the same source were shown to con- 
vert glucose and pyruvate labeled with C™ to C™QOs, in another series of deter- 
minations. The state of the myocardium with respect to drug action and diseases 
also could not account for the results since samples were taken from patients in 
failure, patients without heart disease, patients under treatment with digitalis, 
and those never having received the drug. Although the possibility that small 
amounts of glycoside were converted to CO, could not be ruled out, these results 
suggest that digitoxin acts catalytically to increase oxygen consumption of car- 
diac muscle without conversion to COs. by the tissue. With the advent of 
material of higher specific activity more detailed studies of greater sensitivity 
will be possible. 


SUMMARY 


Slices of human cardiac muscle obtained by biopsy at the time of explora- 
tory thoracotomy were incubated with C™, labeled digitoxin, in Warburg vessels. 
The activity of BaCO; recovered from CQO, dissolved in KOH in the center 
well of the vessels was determined with a thin-window Geiger-Mueller tube 
and also a flow counter. No radioactivity was detected in the samples even 
though the slices respired at increased rate in the presence of glycoside. This 
suggests that digitoxin acts catalytically without conversion to C™O. by the 
tissue. 
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Clinical Reports 


PERSISTENCE OF CHARACTERISTIC QRS PATTERN OF 
WOLFF-PARKINSON-WHITE SYNDROME IN 
MIDDLE NODAL RHYTHM 


Kimmo K. MUSTAKALLIO, CAND. M., AND JoUKO |. SAIKKONEN, CAND. MM. 


HELSINKI, FINLAND 


‘VTUDYING the Wolff-Parkinson-White syndrome in a mental patient we had 
\7 an opportunity to record prolonged QRS complexes in a transient nodal 
rhythm without visible P waves. This case is reported since this unexpected 
finding may throw some additional light on the etiologic explanations of the 
Wolff-Parkinson-White syndrome. 


CASE REPORT 


B.A., a 52-year-old man, was admitted to Lapinlahti Hospital with severe mental symptoms 
of anxiety neurosis. ‘There was no past history of any disease known to attack the heart, except 
spells of palpitation, which were first noticed at the age of sixteen. The spells of palpitation were 
provoked by various mental effects and were accompanied with fear of death. With the vears 
the attacks diminished in number and severity. Eight months before admission to the hospital 
the patient had taken for abuse of alcohol a cure of Antabuse (totaling about 45 Gm.) without 
the control of a physician. 

The routine physical examination and fluoroscopy revealed nothing abnormal except a la- 
bility of pulse rate. In one examination it was 80 per minute when lying and 102 per minute 
when standing, and the blood pressure was 145/90 and 135/85 mm. Hg, respectively. A standard 
limb lead electrocardiogram was recorded with the direct-writing ‘‘Elema-Mingograph”’ (speed 
50 mm. per second), and it showed the characteristic signs of Wolff-Parkinson-White syndrome. 
rhereafter, the unipolar augmented limb leads and the unipolar precordial leads of Wilson were 
recorded with similar signs. The findings are illustrated in Fig. 1. 

\n atropine test was performed to confirm the diagnosis. One mg. atropine sulfate was 
administered subcutaneously and the electrocardiogram was recorded at short intervals during 
an hour. All alterations of continuous stylus movement were recorded immediately in Lead I. 
rhe electrocardiographic changes are illustrated in Fig. 2. 

Because psychotherapy was not effective and the mental symptoms of the patient were 
aggravated, electroshock therapy was started. The patient was given five electric shocks, with 
caution, because of his labile heart. The electrocardiographic findings before and after treat- 
ment were essentially similar. The electroshock therapy was discontinued, because it had no effect 
on the mental condition and was dangerous. In a case of Wolff-Parkinson-White syndrome, 
published by Haddenbrock and Kemman‘, the electroshock therapy led to cardiac standstill, 
and the patient finally recovered after cardiac massage. 


From Lapinlahti Hospital, the Department of Psychiatry, Helsinki University. 
Received for publication March 30, 1953. 
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An insulin therapy then was begun cautiously. Figure 3 illustrates the electrocardiographi« 


findings and the corresponding values of plasma potassium and blood glucose before and after 
56 1.U. of insulin, administered intramuscularly. The patient sweated profusely and became 
tired, but no shock followed this relatively small amount of insulin. 

In this connection it seems to be worthwhile noting that these findings are in agreement with 
our unpublished results, obtained while studying the action of insulin in mental patients with 
normal atrioventricular conduction. Insulin produced primary T-wave lowering in all cases, 
and the present case was no exception in this regard in spite of the secondary lowering of T wave 
associated with Wolff-Parkinson-White syndrome. The changes in plasma potassium, con- 
trary to the corresponding values of blood glucose, were well correlated to the changes in ven- 
tricular gradient. These changes are summarized in Fig. 3. 

Because the insulin therapy was ineffective, a frontal lobotomy consequently was performed 
on the patient according to Scoville (Undercutting). After the operation the mental symptoms 


of the patient vanished. 


Vv 


B 


Fig. 2.—Atropine test. Electrocardiogram registered in Lead I before and after 1 mg. atropine 


sulfate, administered subcutaneously. 


Frequency P-R QRS AQRS 
A. Before atropine . 71 per min. 0.08 sec, 0.14 sec. 73 wV sec, 
B. 20 min. after 59 per min. 0.18 sec. 103 uV sec, 
0.10 sec. 60 uV sec. 


C. 30 min. after 70 per min. 0.10 sec. 


i 
j Chee 
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Before 1 hour 2 hours 3 hours 
insulin after after after 


reese 
beee teas 
; $3332 


Lead | 


Lead II. 


oe: 


Frequency per min. 8&5 72 73 64 
G in #V sec. SS 100 68 63 
G in degrees 33 36 30 26 
Plasma potassium 

in meq. 3.95 4.50 3.50 3.30 
Blood glucose in mg. 

per 100 c.c 99 66 55 11 


Fig. 3 Findings before and after 56 I.U. of insulin, administered intramuscularly 


DISCUSSION 


The findings after administration of atropine seem worthy of special dis- 
cussion. 

The constant normalization of prolonged QRS complex, noted in Wolff- 
Parkinson-White syndrome when the pacemaker shifts from the sinus node to 
lower levels, has led Rosenbaum and associates’ to the suggestion that ‘‘anomal- 
ous atrioventricular excitation is impossible when the ventricular excitation 
occurs simultaneously with or precedes auricular’. 

Our case, however, showed more prolonged QRS complexes (‘‘pulling out of 
concertina”’)® in the transient nodal rhythm without visible P waves, appearing 
after administration of atropine. The nodal rhythm was reversed quickly to sinus 
rhythm during which the expected shortening of QRS complex (‘‘pushing in of 
concertina’’)® occurred. 

A search of literature revealed only two cases resembling ours. Segers and 
associates described two cases (Cases No. 2 and 7) of so-called ‘‘delta wave 
syndrome” in which the delta waves persisted in nodal rhythm without visible 
P waves.* They consider that the delta wave, which precedes the QRS complex, 
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is due to anomalous atrioventricular excitation like the slow ascent of R wave 
in typical cases of Wolff-Parkinson-White syndrome. According to them the slow 
ascent of the R wave in Wolff-Parkinson-White snydrome represents only a fused 
delta wave and the Wolff-Parkinson-White syndrome signifies an extreme example 
of the much more frequent delta wave syndrome. The persistence of delta 
waves in nodal rhythm cannot be explained by conduction in the bundle of Kent, 
because this anomalous pathway lies on the lateral wall cf the heart and is not 
connected with the atrioventricular node. On the contrary, the bundle of 
Mahaim‘ seems to be a better explanation for the anomalous ventricular exci- 
tation, which reflects itself in delta waves, because this pathway connects the 
atrioventricular node with the upper ventricular septum. In fact, Segers and 
associates were able to demonstrate histologically such muscular connections 
between atrioventricular node and ventricular septum in a third case of delta 
wave syndrome (Case No. 8).° 

In our case the paraspecific septal conduction seems to be the most satis- 
factory interpretation for the persistence of prolonged QRS complexes in middle 
nodal rhythm. The possibility of irreversible intraventricular block is ruled out 
by the typical ‘concertina effect’ of the Wolff-Parkinson-White syndrome, 
consisting of both pulling out and pushing in of the QRS “concertina” during 
an atropine test. 

The conversion of the sinus rhythm to nodal rhythm seems to be essential 
for discovering the paraspecific septal conduction in cases of Wolff-Parkinson- 
White syndrome. To produce a nodal rhythm with atropine it may be best to 
administer it subcutaneously. In subcutaneous injections atropine often causes 
a transient bradycardia’’ and nodal rhythm!" after 5 to 30 minutes. In intra- 
venous injections the action of atropine is so rapid that the transient nodal 
rhythm appears, if at all, during or immediately after the injection. There- 
fore, the paraspecific septal conduction in cases of Wolff-Parkinson-White syn- 
drome more often may remain undiscovered, when atropine is administered 
intravenously in relatively large doses,” as commonly is done to confirm the diag- 
nosis of the Wolff-Parkinson-White syndrome. 

In the light of the preceding assumption and noting that the bundle of Mahaim 
is claimed to exist constantly in man,‘ we suppose that the paraspecific septal 
conduction must be taken into account as an etiologic explanation for Wolff- 
Parkinson-White syndrome more often than it has been. 


SUMMARY 


A case of Wolff-Parkinson-White syndrome with prolonged QRS complexes 
without visible P waves in middle nodal rhythm is presented. An anomalous 
conduction in the bundle of Mahaim is claimed to be the etiologic explanation in 
this case. 

We are indebted to Prof. Martti Kaila, M.D., who kindly allowed us to publish this case, and 
to Veikko Leppinen, M.A., who determined the plasma potassium with flame photometer. The 


lobotomy on the patient was performed by Prof. Aarno Snellman, M.D., in Finnish Red Cross 
Hospital. 
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FATAL MYOCARDIAL INFARCTION IN A YOUNG MAN WITH 
ANOMALOUS CORONARY ARTERIES WITH TERMINAL 
VENTRICULAR TACHYCARDIA 


CAPTAIN WILLIAM R. SCHILLHAMMER, JR.,* MEDICAL Corps, UNITED STATES ARMY 


SAN FRANCISCO, CALIF. 


YOCARDIAL infarction in young adults, based on reports in the litera- 

ture, is becoming a more generally recognized disease. This is probably 
due to the alertness of the physician, aided by more widespread use of the elec- 
trocardiogram and the changing concept of the disease. 

Yater and associates! reported 866 cases of myocardial infarction in men 
ranging from 18 to 40 years of age, all of whom were armed forces personnel 
during World War II. In this series, one patient was 18, and three of the entire 
group were under 20 years of age. Zachs? cited the case of a 19-year-old man 
with fatal myocardial infarction who had had typical angina pectoris for one 
vear before his death. Fagan and Chapnick*® record 100 cases of myocardial 
infarction diagnosed by clinical history and electrocardiogram in ambulatory 
patients. In this group only one patient was under 29 years of age. Myocardial 
infarction in 679 cases, examined post mortem, was reported by Zinn and Cosby.‘ 
There were two patients under the age of 29 years. White and Bland? in their 
textbook state that 0.7 per cent of 461 cases of myocardial infarction studied 
by them were under 30 years of age. Boas and Donner® have recorded 615 cases 
of coronary artery disease in industrial workers and their families. One of these 
fell in the age group below 20. Popova’ has recently reported a 15-year-old boy 
with infarction, Roche® a 15-year-old boy, and Douglas and Marienberg® a 16- 
vear-old boy. The author and Baker'® recorded two cases of myocardial infarc- 
tion in young men, aged 20 and 22 years. 

It is generally accepted that atherosclerosis is often the lone predecessor of 
these incidents in young adults. Among the more astounding reports of arterio- 
sclerosis in young individuals is that of Hause and Antell' in which marked 
arteriosclerosis is noted in a 3!5-month-old infant who died as a result of vascular 
insufficiency caused by an extreme degree of sclerosis. 

Anomalies of the coronary vessels take many forms and are undoubtedly 
common. However, the author is unaware of any reports of their coexistence 
with myocardial infarction. 
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CASE REPORT 


The patient, a 17-year-old white soldier was admitted to the USAF Hospital, Fort Richardson, 
Alaska, Aug. 17, 1950, in acute distress. He had felt well until one hour prior to admission when, 
while walking about his company area, he suddenly felt weak and fell to the ground and was unable 
to arise. He sat quietly for a few moments and then noticed a sensation of tightness in his chest 
and difficulty in catching his breath. He had never noticed shortness of breath, pain in the 
chest, or ankle edema; there was no history of rheumatic fever or other heart disease. He was able 
to perform full military duty without limitation of activity, and there had been no change in his 
physical stamina. He was in the habit of playing touch football frequently and, as a matter of 
fact, had been playing the afternoon prior to admission to the hospital. 

He was found sitting on the ground by friends and was taken to the USAF Infirmary and 
transferred thence to the hospital. In transit, he began to notice pain in the left side of his chest. 

Physical examination at this time revealed a well-developed and nourished, muscular white 
man weighing about 165 pounds, height 70 inches, who was in acute distress. He was cold and 
clammy, and slightly cyanotic. The radial pulse was irregular at a rate of 40 to 60 per minute. 
The apical pulse, too, was irregular at a rate of 90 to 120. The heart sounds were loud and boom- 
ing. The blood pressure was 100 to 110/60 to 80 mm. Hg. The lungs revealed medium moist 


rales at both bases. 


Fig. 1.—Shows ventricular tachycardia. 


He was given oxygen by BLB mask and 16 mg. of morphine, taken to his ward where an elec 
trocardiogram was obtained (Fig. 1). While the tracing was being made, the patient suddenly 
cried out and became extremely cyanotic. The author was at hand and found on examination 
that there was complete absence of peripheral pulse and heart sounds, and respirations were very 
erratic. In spite of intracardiac epinephrine the heart action could not be restored and respira- 


tions ceased within one hour of admission. 
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Autopsy was normal with the exception of the heart, which revealed the following findings: 
the right atrium was markedly engorged. On the anterior surface of the left ventricle just lateral 
to the interventricular septum, there was an area approximately 5.0 x 8.0 cm. in which the surface 
of the myocardium appeared blanched and livid. The remainder of the myocardium appeared 
normal. On opening the heart in the usual manner the valves and endocardium appeared normal 
throughout. The right coronary artery was normal. On the left was a site of origin for two cor- 
onary vessels. The one was 3 mm. in diameter, the other 5mm. _ The larger vessel was probed 
and found to be normal. The smaller vessel, however, was found to be completely occluded by 
a firm atherosclerotic plaque about 3 mm. from its origin. The vessel beyond this point was 
patent and led to the blanched area of myocardium described above. The remainder of the 
blood vessels showed no gross evidence of atherosclerosis. 


SUMMARY 


A case of myocardial infarction in coexistence with an anomaly of the coro- 
nary vessels is reported. It is logical to assume that the immediate cause for 
death was ventricular tachycardia secondary to myocardial infarction on the basis 
of atherosclerosis. This young adult who was unfortunate enough to have his 
first significant area of atherosclerosis in a coronary vessel succumbed. 
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THE EFFECT OF HICCUP ON THE ELECTROCARDIOGRAM: 
REGISTRATION OF DIAPHRAGMATIC ACTION CURRENTS 
AND MECHANICAL ARTIFACTS 


PsuNG O. CHenG, M.D., AND ALBERT J]. MILLER, M.D. 


CHICAGO, ILL. 


IS well known that the electrocardiogram can be distorted by artifacts of 

either intrinsic origin, that is, arising within the individual as muscular con- 
tractions or somatic tremors, or of extrinsic origin. ‘These artifacts may lead to 
errors in interpretation. 

The distortion of the electrocardiogram by artifacts is discussed by most 
modern texts of electrocardiography. However, little attention has been given 
the effects of hiccup on the electrocardiogram, and, indeed, it is relatively rare 
that such effects are observed. Though Katz! cites one such example in his 
textbook, and Lepeschkin® mentions the subject in his recent text, the American 
literature appears to be rather devoid of the subject. Three reports of the effects 
of singultus on the electrocardiogram have been discovered in the European 
literature? 

The tracings demonstrated here illustrate the effects of hiccup on the electro- 
cardiograms of a patient with auricular flutter and delineate those artifacts due 
to diaphragmatic action currents and those due to movement of the diaphragm. 


CASE REPORT 


The patient, a 47-year-old Negro, entered the Cook County Hospital on January 29, 1953. 


Four days prior to admission he developed hiccups shortly after drinking a glass of ice water. 
Che hiccups became more frequent during the evening of the same day, and by the next day they 


were so frequent that he could hardly eat his meals. At about this time he noticed some ‘‘nervous- 


ness and fluttering’ of his heart. The hiccups became increasingly distressing, and so the patient 


sought medical care. 
On admission he related that he had had similar attacks two or three times in the past, each 


episode being precipitated by drinking ice-cold water, but none lasting more than a few hours. 
\t no time previously had he experienced anxiety, palpitation, or other symptoms referable to the 


heart. The past and family histories were noncontributory. 


Physical Examination.—On admission the arterial blood pressure was 140/80 mm. Hg, the 


temperature was 100° F. rectally, and the pulse rate was approximately 160 beats per minute. 
rhe patient hiccupped frequently while narrating his history and appeared apprehensive, though 


not acutely ill. There was moderate neck vein distention; faint ‘flutter’? waves, at an extremely 


rapid rate, were seen in the jugular veins. The heart was not enlarged to percussion. The rhythm 


was regular, and the rate was about 160 beats a minute. No murmurs were heard. Recurrent 
From the Departments of Medicine of Cook County Hospital and of Northwestern University 
Medical School, Chicago, Ill 
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Fig. 1 Electrocardiogram taken on admission (Jan. 29, 1953). Retouched for photographic 
purposes. ) r refers to myogram, o to mechanogram. See text for interpretation 
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retractions of the lower anterior and lateral intercostal spaces were present and were synchro- 
nous with the hiccups. The rest of the physical examination was negative. 

Laboratory.—Serology, complete blood count, urinalysis, and serum urea nitrogen were all 
negative or within normal limits. Chest fluoroscopy revealed both leaves of the diaphragm under- 
going clonic spasm as the patient manifestly hiccupped. There was no cardiac enlargement, and 
the lung fields were clear. 

Hospital Course.—An electrocardiogram taken immediately after admission demonstrated 
a 2:1 auricular flutter with a ventricular rate of 166 beats a minute. Tall, peaked bizarre deflec- 


tions, occurring fairly regularly at a rate of about 36 per minute, were visualized in some of the 
leads (Fig. 1) 
day after admission digitalization was accomplished. ‘Thirty-two hours after admission the 
hiccups stopped, approximately 2 hours after the intravenous administration of 1/120 grain 


} 


Ve SANSA WAN 


Fig. 2.—Electrocardiogram taken on morning of Jan. 31, 1953 (Symbols as in Fig. 1) See text 


for interpretation. 


All the usual methods of stopping hiccups were tried without success. On the 


NAA 
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atropine sulfate. An electrocardiogram shortly before the cessation of hiccups showed continued 
auricular flutter and the previously noted bizarre complexes (Fig. 2). About 2 hours after the 
hiccups stopped an electrocardiogram (Fig. 3, 4) showed auricular flutter with a ventricular rate 
of 110 beats a minute, but the bizarre complexes of the previous two records were now absent. 
The auricular flutter changed to auricular fibrillation on the fourth hospital day (Fig. 3, B), and 
on the fifth day normal sinus rhythm was restored (Fig. 3, C). Quinidine was instituted only after 
the return to sinus rhythm, and it and the digitoxin were stopped 2 days later. Sinus rhythm 
persisted thereafter. Subsequent diagnostic studies (e.g., basal metabolism, chest roentgenograms, 
etc.) were all negative. 

Analysis of Electrocardiograms.—Auricular flutter (Fig. 1) with 2:1 conduction and a ventricu- 
lar rate of 166 beats a minute are present. Bizarre diphasic complexes are clearly visualized in 
Leads II, III, and aVr. These complexes (designated x) are seen to occur without reasonable 
relation to the QRS complexes at the rate of about 36 per minute. They distort the QRS com- 
plexes to varying degrees, depending on their position in the cardiac cycle. Negative deflections 
are seen in Vs. In leads V,and V; positive rounded artifacts (designated o) are seen. 

The findings in Fig. 2 are similar to those in Fig. 1, with upright, peaked, fairly regular bizarre 
complexes in Leads II and III, and peaked inverted complexes in the chest leads (labeled x). 
However, in Lead V, there is again seen an upright rounded complex, which occurs immediately 
following the inverted artifacts. These upright artifacts are similar to those seen in Leads V, 
and V; of Fig. 1 and are also designated o. 

The three strips of Fig. 3, all Lead Il, demonstrate the conversion from auricular flutter 


to auricular fibrillation and then to sinus rhythm. 
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Fig. 3.—A Lead II, showing flutter after the hiccups ceased. B. Showing auricular fibrilla- 
tion. C. Same lead, showing reversion to sinus rhythm. 


DISCUSSION 


Hiccup is a rather common occurrence, and one would expect that the action 
currents of such a movement would be seen more often in electrocardiograms. 
In actuality, however, they are seldom seen. Hiccup consists of a brief spasm 
of the diaphragm, associated with a narrowed glottis (due to adduction, of the 
vocal cords) and the forcible inspiration of air into the lungs. The neural mecha- 
nisms involved are complex, and when the cause is not central, the afferent path- 
ways may be many and varied. Baily® believes that stimulation of the vagus 
or phrenic nerves is a common etiologic factor. Such a stimulation is suggested 
from the history of the case herein reported. The principal efferent limbs from 
the respiratory centers of the brain are the vagus (to larynx and lung), phrenic 
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(to diaphragm), and upper spinal (to intercostal muscles) nerves. One can 
speculate that in our patient the hiccups precipitated, or contributed to the 
development of, auricular flutter by virtue of a vagus nerve reflex. 

The clonic contractions of the diaphragm are represented by the bizarre 
complexes labeled x in Figs. 1 and 2. They are most clearly visualized in Leads 
II, 111, and aV», and in most of the precordial leads. Their diphasic character 
in the extremity leads is best seen in Leads II and III of Fig. 1. These complexes, 
referred to as myograms by Soderstrom,’ represent the action potentials of the 
diaphragmatic cross-striated muscle. Thus, the diphasic myograms reflect the 
depolarization and repolarization of the diaphragm. 

Although these myograms reflect action potentials of the diaphragm and 
coincide with its contractions, it is not certain that they represent action poten- 
tials from the diaphragm alone. A synergistic activity of the muscles close to 
the electrodes might also contribute to the complexes seen in the electrocardio- 
gram. The distribution of these myograms within standard electrocardiograms 
definitely indicates that their origin is to be sought in the trunk, and that the 
direction of depolarization is primarily downward. This is to be expected in the 
light of the anatomic structure of the diaphragm—a dome-shaped structure with 
its point of innervation being near the top. 

Another type of artifact is clearly seen in Leads V, and V; of Fig. 1, and in 
Lead V, of Fig. 2, and is labeled 0, These broad upward deflections are due to 
mechanical vibrations of the body, following each violent contraction of the 
diaphragm, and are therefore called mechanograms by Soderstrom.* They are 
positive deflections, in contrast to myograms, which are negative deflections in 
the precordial leads. Their absence in the extremity leads and their clear demon- 
stration in Leads V, and V; of Fig. 1, the sites at which bodily vibrations are 
maximal owing to close proximity to the insertion of the left leaf of the diaphragm, 
support their mechanical origin. 

A complete picture of ‘diaphragmatic complexes’’ as seen in the electro- 
cardiogram is shown in Lead V, of Fig. 2. Initial negative myograms are fol- 
lowed immediately by broad positive mechanograms. 

A casual approach to electrocardiograms such as those presented could lead 
to misinterpretation. It should be borne in mind that in patients suffering from 
hiccups, electrical or mechanical artifacts may occur in the electrocardiogram. 


SUMMARY 
Electrocardiographic records demonstrating electrical and mechanical arti- 


facts due to hiccups are presented and discussed. 
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REVIEW 


FOURTH INTER-AMERICAN CONGRESS OF CARDIOLOGY, BUENOS AIRES, 
ARGENTINA, 1952 


Part | 
PEDRO Cossio, M.D., AND Hector M.D. 


BUENOS AIRES, ARGENTINA 


In Volume 41, 1951, pages 626-641, 786-801, of the AMERICAN HEART JOURNAL appeared a 
summary of the scientific proceedings of the First International Congress of Cardiology, held in 
Paris in September, 1950. In the present and succeeding issues of this journal there will be 
published a similar summary of the proceedings of the Fourth Inter-American Congress of Car- 
diology, held in Buenos Aires, Argentina, in September, 1952. It has been impossible, due 
to limitation of space, to summarize all the communications presented. 

We are indebted to Professor Cossio and Doctor Caul for their work, and we wish to extend 
to them our sincere thanks. 

Editor 
PHYSIOLOGY 

1. A very potent vasodilator even in such small doses as 1,100 of a gamma 
and found in liver and kidney extracts is used as a counter agent to adrenalin or 
hypertensin on isolated vessels of rats and batrachians. 

2. The relationship between pulmonary ventilation, oxygen consumption, 
vital capacity, venous pressure and circulation time was established at rest, 
during, and after exercise in different groups. 

3. Theoretical hydraulic gradients corresponding to the upper and lower 
venae cavae systems in normal subjects are established on the assumption that 
the veins are totally collapsible tubes; the thorax, a gaseous medium; the ab- 
dominal viscera are considered a liquid media with a specific gravity equal to 
that of the blood and there is no great resistance of the heart to the venous 
return. These figures agree with experimental data in the venous system of 
dogs. 

4. There is no constant gradient of static pressure in the circulatory system 
because pulse waves leave in their wake zones of lower pressure on account of 
the existence of normal or pathologic narrowings and widenings. In varicose 
veins located in the saphena the blood circulates towards the higher pressure 
zones. ‘The kinetic energy of the blood would be the immediate cause of its 
circulation. 

5. Alterations in the proteins and inversion in the albumin-globulin rela- 
tion are more frequent in rheumatic endocarditis than in subacute bacterial 
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endocarditis or endocarditis with a negative blood culture. Although in the long 
run this inversion appears, probably the biohumoral alterations are connected 
more with individual features such as constitution than with the special type 
of disease. 

6. Psychic patients with psychomotor excitement crises were studied from 
the blood sugar, sodium, and potassium points of view and the repercussion on the 
electrocardiogram. 

7. A high serum mucoprotein level would favor the diagnosis of myo- 
cardial infarct in a doubtful case. 

8. Blood volume affects resting venous pressure slightly. In hypovolemic 
nephrosis the venous pressure at rest was low and reaction to exercise was small. 
In hypervolemia, as in cases of polycythemia vera or that artificially produced 
by salt ingestion, the exercise rise was not more than 70 mm. saline and the 
return to normal was prompt. This was similar to that which was noticed in 
healthy subjects. 

9. In cardiac patients in which the left ventricle was primarily diseased 
the rise of venous pressure during and after exercise was 20 60 per cent greater 
than would correspond to a similar group with hypervolemia and without cardiac 
lesion. In a second group of patients with rheumatic valvulitis or pulmonary 
hypertension there was no correlation between the blood volume and the changes 
of venous pressure but the latter were in close relationship with the competence 
and work load of the right ventricle. Conversion of auricular fibrillation by 
quinidine lowers venous pressure curves. The study of the venous pressure may 
be useful in the preoperative evaluation of mitral stenosis as its changes by 
exercise are in relation with th» pulmonary arterial pressure. 

10. Compression of the abdomen does not alter the jugular pressure or the 
venous pulse waves in normal individuals while in right heart failure the level 
of venous engorgement is raised and the amplitude of the negative venous waves 
is diminished and even changed into a positive venous pulse; this would prove 
useful to detect cardiac failure or differentiate arterial from venous beats. 

11. Intracardiac operation by perfusion with an artificial frozen heart was 
shown in a film and experimental ventricular fibrillation and defibrillation were 
induced in a closed thorax. With this decrease in temperature the blood flow ts 
reduced one-tenth, anaesthetics are not needed, and shock is avoided. This 
method, in the future, may prove very useful in human surgery. 

12. In the dog the vasomotor visceral response to adrenergic drugs, myo- 
cardial extracts, or intervisceral neuroreflexes such as stretching of the meso is 
similar to the peripheral vasomotor reactions. The arterial micropulsations of 
the kidney, intestine, pancreas, and liver are registered with the photoplethysmo- 
graph under basic conditions and with the above mentioned stimuli. 

13, 14. The age of the arterial system in the rat, the formation of cells and 
fibrillar elements and the deposits of lipids, cholesterol, glucoproteins, and muco- 
polysaccharides and their resistance to digestion by testicular hyaluronidase are 
described. By inducing the proliferation of the vascular endothelium the cho- 
lesterol injected through the femoral artery was stored and esterified originating 
a situation similar to the spontaneous or induced atherosclerosis of other animals. 
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15. The central nervous system is not indispensable for the poison of 
Lactrodectus mactans to cause hypertension; the direct effect on the vessels has 
not been proved. 

16. Hemidecorticated female rats develop arterial hypertension that 
reaches 180 mm. Hg. 

17. Desoxycorticosterone in rats induces malignant nephrosclerosis with 
rapidly progressing hypertension, cardiac hypertrophy, polydipsia and polyuria, 
providing there is sodium in the diet. This drug has a specific action on the 
appetite for sodium, which is potentiated by ACTH, cortisone, and BAL and 
inhibited by testosterone, stilbestrol, and Phenergan. There would be an altera- 
tion in cellular permeability to cations with a loss of intracellular potassium and 
its replacement by sodium. 

18. In experimental neurogenic arterial hypertension there are two im- 
portant factors: the sympathetic adrenal one which is responsible for two-thirds 
of the increase and the neurohypophysial one. The second one is evidenced in 
spinal dogs or in dogs with their sympathetic blocked by intracysternal potas- 
sium or stimulation of the vagus which increases the arterial pressure ; this increase 
is counterbalanced by hypophysectomy. 

19. Autonomic ganglionic-blocking agents have been studied for their 
effects on the blood pressure and heart rate changes induced by ouabain on 
morphinized, anesthetized dogs. Vegolysen (hexamethonium bromide, 1 to 2 
ml. per kg.) prevents the bradycardia but not the pressor response to ouabain 
although neither the blood pressure nor the heart rate is changed by vagotomy 
but reaction to acetylcholine persists. 

Etamon (5 ml. per kg.) diminishes but does not prevent the bradycardia and 
the pressor responses, but diastolic pressure is significantly lowered by ouabain. 
Vagotomy and acetylcholine give their usual pressor and depressor effects. 

Banthine (1 to 2 ml. per kg.) and Flaxedil (2 to 4 ml. per kg.), when given 
with ouabain, as a rule induce a fall in blood pressure and tachycardia appears. 

After Banthine-ouabain the effects of vagotomy and acetylcholine are 
blocked, and this does not happen with the combination of Flaxedil-ouabain. 
It would appear that the ouabain depressor response would be a reflex with an 
afferent vagal pathway. The so-called Bezold reflex is discussed. 


PATHOLOGY 

20. In rheumatic fever there is very often a discrepancy between the histo- 
pathologic liver lesions and the data of efficiency tests. In acute cases there is a 
disseminated, inflammatory, lesion or no alteration. In chronic cases there would 
be a change in the reticular fibers very similar to what happens in the hepato- 
cellular jaundice of congestive heart failure. Chronic stasis may lead to increase 
in fibroblasts and compression of the hepatic cells and the intralobulary biliary 
capillaries, especially when it happens at the periphery of the lobule. 

21. The pathologic lesion of acute lupus erythematosus is thrombonecrotic 
capillaritis in the papillary strata followed by edema, leucocyte infiltration, and 
histiocyte mobilization, while in chronic cases collagen sclerosis with hyalinization 
and arteriolosclerosis and capillary sclerosis are the common findings. The epi- 
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thelium lesions are secondary. In acute cases there is edema of the epidermis and 
displacement of melanic pigment while in chronic cases atrophy with hyperkera- 
tosis is predominant. As acute cases do not necessarily evolve towards chronicity 
and there are chronic cases without clear antecedents of an acute period it is 
proposed to cail the lesions “thrombonecrotic’’ and “‘fibroreticular’’ instead of 
acute and chronic. 

22. In 1,016 autopsies performed at the National Institute of Cardiology 
in Mexico eighty-nine cases of subacute bacterial endocarditis were found and 
sixty of these had had valves damaged by rheumatic fever. A coincidence of 
rheumatic fever and subacute bacterial endocarditis is more common than is 
usually believed and occasionaily there is also a coexistence of subacute bacterial 
endocarditis, auricular fibriliation and heart failure. 

23. Intraauricular thrombosis was present in about 5 per cent of the rheu- 
matic mitral disease necropsies in Mexico. This thrombosis is more common with 
active auricular endocarditis, auricular fibrillation, and persistent heart failure. 

24. One thousand necropsies performed in Mexico show the frequent asso- 
ciation of vascular and pulmonary cardiopathies with rheumatic endocarditis. 

25. Correlation between clinical data on valvular disease and autopsy find- 
ings Over six years proves the most common mistakes were: (1) Mitral stenosis 
in mitral valvular defect is diagnosed too often especially when there is subacute 
bacterial endocarditis or aortic valve lesion. (2) In aortic lesions mitral insuf- 
ficiency is erroneously diagnosed as only mitral incompetence. (3) Tricuspid 
lesions are nearly always missed. (4) Aortic stenosis is frequently an autopsy 
surprise. 

26. In Chile a clinicopathologic study over ten years proved in 260 rheu- 
matic patients: a high percentage above 50 years, 32 per cent; high incidence of 
subacute bacterial endocarditis, 40 per cent; short life span after congestive 
heart failure; valvular disease ignored in 25 per cent, especially in old people; 
syphilitic aortic insufficiency frequently missed. 

27. The heart in Laennec’s cirrhosis shows an abnormal flaccidity of the 
right ventricle possibly connected with circulatory functional changes. It is 
suggested to study the intracardiac pressure and the condition of the myocardial 
fibers and the tricuspid valve to account for this alteration. 

28. Susceptibility to cholesterol-induced coronary atherosclerosis in chicks 
is at its peak between the eighth and twentieth weeks of life; after the twentieth 
week there is a regression despite continued cholesterol feeding. Estrogens have a 
prophylactic action and may reverse lesions induced by cholesterol even when 
sterol supplements are added to the diet; other sex steroids as well as adrenal 
corticoids have a similar effect, but estrogens have no effect on aortic athero- 
genesis. The following tentative conclusions are reached: (1) Atherogenesis 
is a process related to and depending on the organism’s age. (2) Estrogens may 
be the explanation for the decreased susceptibility of premenopausal women to 
coronary atherogenesis. (3) Sex and adrenal steroid hormones are connected 
with cholesterolemia and atherogenesis. (4) Coronary atherogenesis must be 
investigated as well as aortic alterations in laboratory experimentation on 


animals. 
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HEMODYNAMICS 


29, 30. Several papers deal with cardiac catheterization in different coun- 
tries. In Peru it has been used to establish the value of a pulmonary systolic 
murmur prior to admission to the army. Mishaps have been few; in one instance 
the coronary sinus was accidentally catheterized; retrosternal pain appeared and 
later there was an electrocardiographic tracing of pericarditis. 

31. Measurements of the pulmonary arterial pressure at 4,500 meters of 
altitude gave the following figures: (1) healthy high-altitude natives, systolic, 
28 to 38 mm. Hg and diastolic, 12 to 20 mm.; (2) sea-level individuals taken to 
the altitude and studied one year later, systolic, 25 to 33 mm. Hg and diastolic, 
11 to 18; (3) chronic mountain sickness patients, systolic, 54 to 61 mm. Hg and 
diastolic, 26 to 29. 

32. Pulmonary arterial pressure is not influenced by drugs such as nitrites 
which act on the systemic blood pressure. Nicotinic acid induces pulmonary 
hypertension regardless of its action on the systemic blood pressure. Adrenergic 
endings are found in the pulmonary artery. There is no pulmonary arterial 
hypertension in essential hypertension without heart failure, only in hypertension 
caused by pheochromocytoma is there an increase in systemic and pulmonary 
arterial pressure. 

33. In arteriovenous aneurysms the cardiac output established by catheteri- 
zation is considerably increased and eventually leads to cardiac enlargement. 
Branham’s bradycardiac reaction is soon observed after manual occlusion of the 
fistula and is not related to changes in the auricular pressure. Experimental work 
in dogs proves that on sudden opening of an arteriovenous fistula there is a fall of 
the systolic and diastolic blood pressure, caused by the lowered arterial resistance 
and then adaptation in two stages sets in; at first tachycardia caused by carotid 
sinus reflexes and an increase in the cardiac output due to a more complete 
systolic evacuation of the ventricles after a few seconds. In the second stage 
there is an increase in the cardiac output in agreement with Starling’s law and a 
systemic vasoconstriction which raises the blood pressure, diminishes the tachy- 
cardia, and soon an equilibrium is reached. The opposite occurs in compression 
of an arteriovenous aneurysm. 

34. Right heart catheterization is discussed in mitral stenosis and the rela- 
tionship between right ventricular strain, pulmonary hypertension, and cardiac 
output. Hemodynamic pulmonary edema is caused by increased capillary 
pressure above the colloid osmotic pressure of plasma. The capillary pressure 
responds to the following hydraulic equation: 

MVF? 

31? x MVA?+ LV, 
Therefore, the factors influencing it are (1) an increase of the blood flow through 
the mitral valve caused by increased cardiac output or shortening of diastole; 
(2) anatomical size of the valve opening and the diastolic pressure of the left 


P¢ 


ventricle. 
35. In Paget’s disease there is a marked arterialization of the venous blood 
at the site of the pagetoid limbs. Changes in the cardiac output and the arterio- 
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venous oxygen difference can be noticed only when they are generalized and 
very marked; therefore caution should be used before attributing to an increase 
of the cardiac output the cardiovascular complications so frequently observed 
in Paget’s disease. 

36. Closed mitral stenosis cases studied hemodynamically show an increased 
pulmonary arterial pressure after exercises although there is no significant change 
in the heart output. 

37. Catheterization of the left ventricle and the aorta proved there was a 
relationship between the diastolic pressure of the left ventricle and the pressure 
in the pulmonary artery. In aortic insufficiency and cardiac insufficiency the 
diastolic pressure of the left ventricle is greatly increased. 

38, 39. Adaptation to anoxia would be through an increased cardiac output 
with a decrease of the arteriovenous difference of 02. and an increase of the 0, 
capacity of the blood. Another paper reports that most patients with pulmonary 
emphysema and chronic cor pulmonale had a high cardiac output and pulmonary 
hypertension always increased by exercise. 

40. The determination of the work performed by the right ventricle proves 
the strain under which it works in pulmonary stenosis. 

41. Right ventricular hypertrophy was considered hemodynamically. 
1. Patients with increase of right ventricular pressure with normal or reduced 
cardiac output such as inactive mitral stenosis, chronic cor pulmonale and pure 
congenital pulmonary stenosis were studied; in the two former conditions the 
hypertrophy appears with a mean pressure at the pulmonary artery of 45 mm. 
Hg. In the latter the mean systolic pressure of 30 mm. is sufficient, possibly 
because of the increased duration of the hypertension. 2. Normal right ven- 
tricular pressure with increased blood flow in the right ventricle (interauricular 
septal defect) in which a cardiac index of 7 liters per minute per square meter 
were required for right ventricular hypertrophy. The right ventricular hyper- 
trophy was identified by electrocardiographic signs of right ventricular strain or 
right bundle branch block. The mean right auricular pressure as a sign of dila- 
tation does not show a correlation with electrocardiographic changes. Right 
ventricular hypertrophy may be correlated with high pressure or increased flow; 
correlation was not uniform with pulmonary resistance and right ventricular 
work. 

CLINICAL 


42. Schistosomiasis would be another cause of chronic cor pulmonale with 
marked physical and roentgenologic signs of right ventricular strain, more pro- 
nounced than would be expected by the pressures found in the right ventricle and 
pulmonary artery. It would not belong to the so-called Ayerza syndrome only 
in the final stage as the alveolar ventilation and the arterial blood saturation 
in 0. are not so impaired. 

43. Hydatidosis may give rise to chronic cor pulmonale obstructing the 
branches of the pulmonary artery by emboli of vesicles. It also may cause 
pericarditis, polyserositis and even constrictive pericarditis, of which a case ts 
described that was cured by surgery. 
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44. There is a special clinical form of mitral stenosis with frequent rheu- 
matic pneumonitis and marked right ventricular strain. 

45. Intravenous acetylcholine has been used to establish the circulation 
time based on electrocardiographic changes, but the causes of error are great and 
diminish its value. 

46. In anemia vitamin B, in daily doses of 100 mg. can return the cardiac 
area to normal size within 10 to 15 days, increases diuresis, and eliminates edema. 
It also changes the flat T of the electrocardiogram suggesting that in this condi- 
tion circulatory disturbances may be due to lack of vitamin B, rather than anoxia. 

47. Similar results were attained in 7 to 15 days with Vitamin By». (30 mg. 
daily) in cases of congestive heart failure, some with anemia, and others without 
it but with hypertension. This paper suggests the possibility of a By» heart 
avitaminosis. 

48. In acute nephritis the glomerular lesion is a manifestation of hyalinosis 
and the tubular lesion a link in the pathogenesis of the adaptation syndrome. 
This tubular lesion may be evidence with the antidiuretic hormone (Pitressin) 
test which shows a depression of the water reabsorption in 45 per cent of cases; 
there is no relationship with the blood pressure figures. 

49. Psychogenetic factors such as unconscious restrained aggressiveness 
are most important in angina pectoris and psychotherapy is advocated. 


INFECTIOUS DISEASES 


50, 51. Brucellosis should be added to the etiologic factors of heart disease. 
It very often causes myocardial damage rather than pericardial or endocardial 
involvement. 

52, 53, 54, 55, 56, 57, 58, 59, 60, 61. Changes in the heart and peripheral 
vascular systems, induced by the Schizotrypanum cruzi, were extensively re- 
ported. As an etiologic factor of heart disease it was found in o:e cardiologic 
service to cover 1.6 per cent of the cases in Buenos Aires (Argentina) and a still 
higher percentage in Belo Horizonte (Brazil), 1.95 per cent. The diagnostic 
criteria should be based on: (1) residence of patient within the endemic zone; 
(2) clinical picture although not specific but frequently there is initial congestive 
heart failure of prolonged evolution and with long periods of remission; (3) cardiac 
global enlargement is a common finding; (4) extensive electrocardiographic 
changes suggesting diffuse myocardial damage such as premature beats, sino- 
auricular or auriculoventricular block, bundle branch block, auricular or ventricu- 
lar paroxysmal tachycardia, often the right bundle branch block and the atrio- 
ventricular block are the only manifestations of the disease. There are sudden 
and frequent changes in the electrocardiogram covering up to 72 per cent of it 
which would be explained by the incomplete lesions of the conduction system 
caused by the Schizotrypanum cruzi toxins; (5) complement fixation test, 
intensely positive, or discovery of the parasite in the blood, or positive xeno- 
diagnosis. As to age there is no limit; it is erroneous to discard the Chagas 
etiology of a myocarditis with right bundle branch block based on age or existence 
of signs of arteriosclerosis of the aorta or arteries of the fundus oculi. On the 
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other hand it is four times more frequent in chronic Chagas than in cardio- 
sclerotic patients who have had one or more myocardial infarcts. Sinoauricular 
depression and ventricular fibrillation are probably responsible for sudden deaths 
of many people, sometimes young and with normal electrocardiograms. Some of 
the cases have been followed from 1936 to 1952 and are enjoying good health. 

62. A depression of the sinoauricular node is featured by a stable or almost 
stable cardiac frequency, that is not altered by change of position, fever, digitalis, 
oculocardiac or carotid reflex. It is diagnosed by intravenous injection of two 
mg. of Atropine sulphate. This depression, called Stabilicardia, is caused by 
Schizotrypanum cruzi toxin which has a specific action on the conduction 
system. 

63, 64. Echinococcus disease of the left ventricle of the pseudotumoral 
group may be diagnosed radiologically by a nonexpansive deformity of the left 
ventricular profile and visible calcifications. Angiocardiography may help to 
disciose the depth in the myocardial wall and the distance from the endocardium. 
The electrocardiogram pattern 1s of myocardial ischemia with marked decrease 
of R in precordial leads and isoelectric RS-T segments, inverted T, and an S with 
a rapidly descending limb (intrinsicoid deflection) ; there is no pathologic Q. This 
picture is opposed to that of ventricular aneurysm with a wide pathologic Q, 
permanently displaced S-T segments and inverted T. The electrocardiographic 
changes are more noticeable in the neighborhood of the cyst, especially in the 
precordial leads. Standard and unipolar leads are not so useful. The voltage of 
R and S is conditioned by the myocardial thickness from the cavity to the cyst. 


ELECTROCARDICGRAMS IN CONGENITAL HEART DISEASE 


65. The electrocardiograms of forty-two clinicopathological cases of con- 
genital heart disease are analyzed and the following findings are noted besides 
familiar signs: (1) P congenitale; (2) QRS in right chest leads corresponding to 
hypertrophy of the wall or of the septum with or without incomplete right bundle 
branch block; (3) hypertensive depression and elevation of RS-T over the right 
ventricle and inversion of ventricular repolarization with ‘‘T infantile’ over the 
left ventricle. 

66. In childhcod’s congenital heart disease: (1) The mean electrical axis 
of P,AP main limiting axis is placed at +58 degrees, or 4 degrees to the left of 
the main axis limit pointed out by Alvarez Mena for adults. This stands mainly 
for congenital heart disease without major involvement of the pulmonary valve 
or the pulmonary artery because then it is to the right of +58 degrees. (2) The 
Aers Was located preponderantly in sextants 4 and 5, less frequently sextants 
6 and 1. (3) When AP was located to the right of the corresponding Agrs 
there was either left ventricular preponderance or a normal electric axis while 
when to the left there was either a deviation to the right or a normal electrical 
axis. Seventy per cent of the congenital heart disease in childhood corresponded 
to this group. (4) AT appeared in sextant 6 or the neighboring one’s 1 and 5. 
(5) Ventricular gradient (G) was found in 50 per cent of instances in sextant 
5, mostly corresponding to right-axis deviation cases. (6) G appeared to the 


left of Agrs in 75 per cent of cases. 
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67, 68. In Fallot’s tetralogy electrographic precordial chest -lead tracings 
are essential for the diagnosis and V 3p and Vx should not be omitted. Bronchial 
collateral circulation is most important and overloads the left ventricle. There 
is also an electrocardiographic pattern described which would correspond to 
hypertrophy of both ventricles. 

69. Two instances of Kartagener’s syndrome are reported (congenital 
dextrocardia with bronchiectasis and sinusitis). One was associated with rheu- 
matic mitral stenosis and the other with chronic cor pulmonale. 

70. Twelve cases of congenital dextrocardia are classed in this manner: 
(1) Without inversion of the chambers and without situs invertus, one case; 
(2) without inversion and apparently due to agenesia of the right lung, one case; 
(3) with situs invertus without complications, five cases; (4) the same compli- 
cated by hypertensive heart disease, three cases; (5) Kartagener’s syndrome, 
two cases. 

71. Anoxic anoxia plays a great role in myocardial anoxia; breathing exer- 
cises are described to improve this situation. 

72, 73. Arterial mesenteric insufficiency often appears years before coronary 
insufficiency and 291 necropsies confirm this view as gastromesenteric arterio- 
sclerosis very frequently is associated with coronary arteriosclerosis although in 
a minor degree. 

74. Phonopneumographic studies of the clinical findings in the displacement 
upwards of the left bronchus by an enlarged left auricle in mitral stenosis detected 
in the left hemithorax are: (1) A coarse thrill during inspiration without alveo- 
lar or pleural phenomena on auscultation; (2) intense wheezing breath sounds. 
When the compression is slight only the wheezing can be induced. 

75. In syphilitic aortic insufficiency with serologic evidence and without 
rheumatic antecedents, phonocardiograms showed a presystolic murmur of 
varying intensity and frequency and a first sound of normal or low intensity 
corresponding to a Flint murmur. Different interpretations as to the cause of 
the Flint murmur were discussed. 

76. When a systolic murmur is heard with similar qualities both at the apex 
and the base the auscultatory changes in the second sound would give a lead 
as to its origin. 

77. In Montevideo an extensive survey of school children from 10 to 15 
years of age proved 0.85 per cent to be affected with heart disease, 0.61 per cent 
due to rheumatic fever, 0.11 per cent, congenital heart disease, and 0.13 per cent, 
hypertension and other etiologies. In 17,000 individuals between the ages of 
15 and 20 the percentage of cardiovascular disease was higher, 1.11 per cent, and 
the etiologic distribution was as follows: rheumatic fever, 43 per cent; arterial 
hypertension, 41 per cent; congenital, 9 per cent; and others, 7 per cent. 

78. Auricular fibrillation, properly treated with permanent digitalization, 
low-sodium diet, and mercurial diuretics, is no greater risk than sinus rhythm 
from the obstetrical point of view. This conclusion is based on sixteen auricular 
fibrillation cases, three of which appeared in pregnancy, and the other thirteen 
were permanent; in only one an abortion had to be performed. 
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79. A report is made on Heggelin’s dynamic energetic myocardial insuf- 
ficiency and its reversibility in hepatocellular damage, diabetes, glomerulone- 
phritis with nephrosis, and other metabolic disturbances. 

80. In congenital or traumatic septal defects a substantial partition remains, 
and the ventricles do not behave as a common pump but develop synergistic 
action. The left ventricle discharges almost wholly into the aorta during the 
first half of systole and preferentially into the right ventricle during the second 
half, giving rise to late systolic murmur which, together with the changes of the 
aortic pulse pressure which characteristically declines from a midsystolic peak, 
confirms the diagnosis. 

81. The cellulovaginal cycle, followed by the cornification curve, would 
influence the electrocardiographic curve through changes in the plasmatic electro- 
lytes caused by the estrogens. 

82. Phonocardiography and electrokymography in rheumatic patients 
proved helpful in the recognition of unimportant systolic murmurs, the evalua- 
tion of murmurs due to rheumatic fever, and in the explanation of auditory 
diastolic phenomena. The most common murmurs of early rheumatic disease 
were a soft apical protosystolic murmur in decrescendo and a louder diamond- 
shaped, often musical, pulmonic murmur. Electrokymography revealed in most 
cases a plateau-like positive wave suggestive of mitral regurgitation. 

Clinically, three groups were formed: (1) without cardiac lesions, some had 
a pulmonary, others a mitral systolic murmur and the electrokymogram was more 
often negative than positive; (2) with only one previous rheumatic attack, all 
but one had a mitral systolic murmur and some a pulmonic or a diastolic rumble 
or a gallop rhythm; their electrokymogram was usually positive; (3) these had 
suffered {rom repeated attacks of rheumatic fever; all had a mitral systolic 
murmur, some an apical diastolic rumble, an aortic diastolic or a gallop, and all 
but one a positive electrokymogram. The study was useful to evaluate valvular 
dysfunction and when both methods disagreed, electrokymography was of greater 
value. The early murmurs are sometimes functional in regard to the mitral 
leaflets but are always the result of inflammation and damage to the heart muscles 
causing actual regurgitation. 

83. Most individuals react to effort and to cold with hypertension; the 
reaction in the lower limbs may be similar to that of the upper but occasionally 
it is delayed or less intense. At times there is only a reaction in the upper limbs 
or a paradoxical reaction especially to effort with an increase of pressure in the 
upper limbs and a fall in the lower ones. Reaction to cold does not always run 
parallel with reaction to effort. 

84. The figures of arterial blood pressure of 1,000 Gauchos in the south of 
Brazil are reported and related to age, weight, and height. The highest average 
systolic figure was in the group between 50 and 59 years old, and the average 
lowest diastolic in the group of 18-year-olds. There was not one single case of 
hypertension. 

85. The most usual pattern detected by phonocardiography in right bundle 
branch block is a split first and second sound; the second portion of each is a 
faint short sound. In left bundle branch block there is a faint first sound split 
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into an early short portion and a later long dull sound, and a second sound split 
into an early short sound less loud than the later portion which resembles an 
ordinary second sound. 

86. The fall of blood pressure and deficit of the myocardial irrigation are 
the most immediate risks in myocardial infarction, and blood or plasma trans- 
fusion should be used to normalize these in certain patients. Experimental work 
is described to support these statements. 

87, 88, 89, 90. The principal elements in the presence of rheumatic activity 
to establish a diagnosis of rheumatic pneumonia are: (1) dyspnea and cyanosis 
out of proportion with the heart condition, and the usual cough, scarce sputum, 
pain, and fever; (2) slight physical signs, notwithstanding the seriousness of the 
condition; (3) radiologic findings, ill-defined extensive zones of consolidation 
which are transitory, changeable, and diffuse and at times impress as a pleural 
effusion or an infiltration. 

The pathologic findings are thickening and fibrinoid necrosis of the alveolar 
walls, intra-alveolar exudation, hyaline pseudomembranes, arteriolitis, and 
bronchiolitis. 

Therapy with ACTH is advocated; digitalis and antibiotics fail; occasionally 
salicylate is helpful. 

91. When an aortic insufficiency murmur is not detected in the classical 
positions it is advisable to explore others. Left semilateral decubitus (50 per 
cent), right semilateral decubitus (33 per cent), dorsal recumbency (10 per cent), 
and standing were the most favorable positions. Sitting up was the least favor- 
able in most instances. 

92. The bulging of the upper portion of the middle arch added to the abrupt 
change of pressure registered by a catheter passing from the pulmonary segment 
to the right ventricle would favor the diagnosis of valvular pulmonary stenosis 
rather than infundibular pulmonary stenosis. 

93. Very severe pain with extensive irradiation associated with an aortic 
insufficiency murmur and signs of obstruction of the peripheral vessels favors the 
diagnosis of dissecting aneurysm of the aorta. A rapidly progressive anemia and 
a two-stage evolution with a free interval are frequent findings. 

94. In aortic insufficiency Traube’s double sound is more common than is 
generally believed, especially when there is a congestive heart failure and a 
syphilitic etiology. This additional sound occasionally follows the principal 
sound but usually precedes it; it can be originated by a forceful contraction of 
the hypertrophic left auricle and transmitted to the arterial vessels at the end 
of the aorta because of the great diastolic permeability of the aortic orifice or 
when the intra-auricular pressure is high. This would explain the lower fre- 
quency of this phenomenon in rheumatic aortic insufficiency because the co- 
existing mitral stenosis acts against the energetic expulsion of the blood. 
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Book Review 


Diuretic THERAPY, Alfred Vogl, M.D., (With a foreword by Arthur M. Fishberg, M.D.), Balti- 
more, 1953, Williams & Wilkins Company, 248 pages—price $5.00. 


It is fitting that a monograph on diuretic therapy should be written by one who, over thirty 
vears ago, was the first to observe the diuretic effect of a new mercurial, Novasurol, originally 
introduced for the treatment of syphilis. Dr. Vogl made his original observations in Vienna. 
When he came to the United States to escape Nazi persecution, he was fortunate in being able to 
associate himself with a medical college and hospital where extensive investigations were in prog- 
ress On mercurial diuretics. Thus, Dr. Vogl, although he himself did not participate in these 
investigations, has been able to keep in close contact with all the new developments in the field 
of mercurial diuretics. 


As a background for the clinical section entitled, “Practice of Diuretic Therapy,"’ which 
occupies more than one-half the book, the author has wisely reviewed the current concepts on 
congestive heart failure and mechanisms concerned in the storage of body fluid. The pharma- 
cology of the various diuretic substances is adequately reviewed. Perhaps too much space has 
been allocated to the xanthine diuretics which are so rarely used today that they are merely of 
historical interest. However, the mercurial diuretics are fully discussed. The various prepara- 
tions, modes of administration, and side effects are well described. The effect of the overenthu- 
siastic use of these preparations in bringing on the low-salt syndrome is quite properly given some 
prominence. 

The use of accessory substances to aid in mercurial diuresis, particularly ammonium chloride 
and aminophyllin, is described quite clearly, including the probable mechanism of action. 

The bibliography, consisting of 725 references, is the most complete to date on diuretic 
therapy. 

This monograph should be a welcome addition to the library not only of the cardiologist but 
of any physician who has occasion to use diuretic therapy. 


A. C. DeG. 


HORMONAL AND NEUROGENIC CARDIOVASCULAR DisorDERS, W. RAAB, Baltimore, 1953, Williams 
& Wilkins Company, 722 pages, 87 figures. 


In spite of the extensive literature on neurohormonal factors in cardiovascular disorders, no 
monograph or survey has been available until now. Dr. Raab’s book is a useful attempt ‘‘to 
integrate the complex of endocrine and neurohormonal physiopathology with related functional 
and structural derangements of the cardiovascular system.’” While cardiologists are not unaware 
of the potential importance of endocrine factors, the specific application of experimental results 
in this field to the analysis of the mechanism of the various cardiovascular disorders is something 
else. This book gives the background and information necessary for this purpose. 

It consists of three parts: I. Experimental cardiovascular effects of hormones and neuro 
hormones (pp. 3 to 72); II. Cardiovascular features in endocrine and neuroendocrine syndromes 
(pp. 73 to 240); and III. Endocrine and neuroendocrine factors in cardiovascular syndromes 
(pp. 241 to 525). Part III is the most important for the cardiologist and “represents the ultimate 
purpose of the book.”’ Part I provides a condensed review of the effects of experimentally estab- 
lished neurohormonal hyper- or hypofunctions on the cardiovascular system, as a background 
for Parts If and III. There is a certain amount of repetition, probably unavoidable, in the 
three parts, but as a whole, the organization of the material is excellent. At the end of each 
chapter there is a summary which might serve also as an introduction for quick orientation, and 
after each section there is a synopsis, partly in tabular form. There are also many good sche- 


matic diagrams and figures in the text. 
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Ihe chapters of Part III include definition and symptomatology, pathology, the role of the 
various endocrine factors, and treatment of the various cardiovascular lesions. Thus, Part II. 
is something of a textbook on cardiovascular disease with emphasis on neurohormonal factors. 
The other aspects (symptomatology, pathology, treatment) are necessarily condensed and in- 
complete. They are probably meant to be introductory to the discussion of the role of endo- 
crinologic factors in the various cardiovascular disorders, and the material is somewhat pre- 
selected for this purpose. 

For a broader and more detached presentation of the general background the book cannot 
replace textbooks of cardiology, and certainly is not intended as such. As the author states in his 
preface, he is crusading for an idea, which is at the same time a merit and a limitation. 

The desirability, if not necessity, for this monograph is documented by the wealth of ma- 
terial reviewed (over 3,700 references). Actually, this list of references alone makes the book 
invaluable for the research worker in cardiology and endocrinology. In view of this material, 
the text of 514 pages is not voluminous; in fact, the presentation in many places is rather con- 
densed. 

In spite of the volume of research, there is still a large area left for speculation, and some 
of the results seem to be contradictory. It is always a temptation for an author to attempt 
to resolve such contradictions, but the body of accumulated data is not always sufficient to do 
this at the time a book is written. This may be illustrated by the complex relationship among 
the thyroid hormone, angina pectoris, arteriosclerosis, and blood cholesterol. Depression of 
thyroid secretion is of therapeutic value in hyperthyroid as well as in euthyroid patients with 
angina pectoris, but there is no definite evidence that hyperthyroid patients have a high inci- 
dence of angina pectoris. The clinical improvement of angina pectoris under antithyroid treat- 
ment is associated with an increase of blood cholesterol; this is in contrast with the positive corre- 
lation between coronary disease and cholesterol in untreated patients. Angina pectoris in patients 
with myxedema is not rare, but the author notes that in most cases this is related to the treat- 
ment with thyroid preparations. It is unlikely, however, that the functional level of the thyroid 
hormone in such patients exceeds that of normal persons. In contrast to the effect on angina 
pectoris, thyroid preparations tend to retard the development of arteriosclerosis, while myxedema 
has the opposite effect. 

The author's interest and emphasis are centered on the sympathicomimetic catecholamines 
(epinephrine and norepinephrine). Their important action here is thought to increase the oxygen 
consumption of the heart far beyond the demand of work, thus producing myocardial hypoxia. 
his effect is supposed to be potentiated by the mineralocortoids and the thyroid hormone. The 
sensitization to the catecholamines is actually believed to be the most important function of the 
thyroid hormone, and the therapeutic effects of antithyroid treatment are explained on this basis 
rather than by the general depression of the metabolism. The production of hypoxia through 
increased oxidations by increased secretion of catecholamines is held to be of primary importance 
for the development of arteriosclerosis, essential hypertension, angina pectoris, myocardial in- 
faction without thrombosis, and sudden cardi> death without morphologic substrate. “‘The 
relatively narrow margin between physiological and lethal catecholamine concentrations in the 
heart muscle of animals as well as humans suggests that everyone of us lives constantly much 
closer to potential ‘physiological’ cardiac death than we realize.’’ It is hard to believe that the 
vast majority of the population lives by a lucky accident. 

The possible production of hypoxia by catecholamines, independent of cardiac work, certainly 
m.erits careful consideration. There is strong evidence to support this hypothesis (greater con- 
centration of catecholamines in the hearts and greater increase in the blood in response to exercise 
in patients, therapeutic effect of roentgenographic treatment of the adrenals, etc.), but there 
are also many weak points. Starting from the lack of correlation between the level of work 
and occurrence of angina in many patients, the effect of cardiac work is minimized, and it is 
implied that there is a better correlation between angina attacks and catecholamine secretion. 
Since the deciding factor is the catecholamine concentration in the heart during angina attacks, 
this hypothesis is not accessible to direct experimentation. From the lack of correlation between 
cardiac work and angina attacks it does not necessarily follow that the correlation between 
catecholamine concentration and angina is better. 
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rhe hypothesis that the rate of oxidations can be increased by hormonal effects to the point 
of hypoxic damage is open to objection. Sympathetic stimulation increases the cardiac oxygen 
consumption from two to two and one-half times (pp. 374, 375). Exercise at the level of maximum 
oxygen intake increases the minute volume of the heart up to ten times, and the cardiac work up 
to fifteen times. If the relatively slight increase of cardiac oxygen consumption in sympathetic 
stimulation is sufficient to produce hypoxic damage, one should expect that prolonged hard 
exercise, with the much higher rate of cardiac oxygen consumption, would produce cardiac damage 
in a sizeable percentage of normal persons. The available evidence speaks against it; hard exer- 
cise does not produce cardiac death in a normal individual and the fatigue in severe work seems 
to be associated with central nervous system factors rather than cardiac factors (Krogh). Cer- 
normal” persons and the electrocardio- 


tainly hard exercise does not produce anginal attacks in 
graphic changes after severe exercise are different from those in spontaneous or induced angina 
attacks in patients. 

In patients with advanced coronary artery disease, an increase of cardiac oxygen consump- 
tion by several fold undoubtedly may produce hypoxia, but many patients can do physical work at 
higher levels without experiencing angina. While oversecretion of catecholamines superimposed 
on the demands for exercise may reduce the level of exercise tolerance for patients with angina 
pectoris, these quantitative considerations suggest a secondary rather than a primary role of 
catecholamines in the production of effort angina. It should also be pointed out that, as a rule, 
the mechanical efficiency of aerobic muscular work is not or is only slightly impaired in cardiac 
patients. From experience with skeletal muscle it should be expected that an increased rate of 
oxygen consumption cannot be maintained when the oxygen supply becomes inadequate. In 
this case the metabolism becomes anaerobic with accumulation of lactic acid. While increased 
lactic acid content in heart muscle has been found under the influence of epinephrine, the func- 
tional significance of this is not clear since lactic acid is used as a fuel by the heart, in contrast 
to the skeletal muscle. Increased catecholamine secretion is believed to be a major factor 
in myocardial infact without thrombosis, but there is no consideration of the fact that small 
thrombi without infarction are quite common; these could well be the basis for severe episodes 
of coronary insufficiency. 

The author states that he 
statement.’’ Even if his discussion involves a great deal of speculation, his arguments are always 
interesting and stimulating, whether one agrees or disagrees with his views. The author advances 
many interesting and challenging hypotheses and arguments which deserve critical consideration, 
but in view of the restricted space for this review, we have limited the discussion to one of the 


‘ 


‘sometimes deliberately infringed upon the code of cautious under- 


central problems. 
E. S. 


Announcements 


THE AMERICAN COLLEGE OF CARDIOLOGY will hold its fall meeting at the Statler Hotel in 
Cleveland, Ohio, Nov. 6 and 7, 1953. The topic will be Congenital Heart Disease. Any further 
information pertaining to the program may be obtained from the Secretary of the College, Dr. 
Philip Reichert, 480 Park Ave., New York 22, N. Y. 


[He TRUSTEES OF THE JEWISH SANITARIUM AND HospitAL FoR CHRONIC DISEASES have 


announced the establishment of two fellowships for clinical and experimental research. The 


fellowships, named in honor of the president of the hospital, Mr. Isaac Albert, will be awarded 


during the fall of 1953. Applicants should write to the Hospital Superintendent, Rutland Road 
and East 49th Street, Brooklyn, N. Y. 


[HE SECOND INTERNATIONAL CONGRESS OF CARDIOLOGY will be held in Washington, D. C., 
Sept. 12 to 15, 1954. It will be immediately followed by the Annual Scientific Sessions 
of the American Heart Association, Sept. 16 to 18, 1954. The opening session will be held 
in the auditorium of Constitution Hall at 10:30 a.m. on Sunday, Sept. 12, 1954, with ad- 
dresses of welcome. <A reception will be given at the Mayflower Hotel at 5:00 p.m. on the same 
day for all Members of the Congress and their families. \ banquet will be held Sept. 15, 
1954 at 7:30 p.m. 

Che Scientific Sessions lasting for three days will include formal papers, panel discussions, 
clinical pathological conferences and visits to important medical centers in Washington and 
Bethesda. The program will be printed in French, Spanish, and English. Immediate trans- 
lation of some of the papers and discussions will be made in three languages. 

A series of Post-Congressional visits and conferences to at least twenty of the leading cardiac 
clinics in different parts of the United States and Canada has been arranged by special com- 
mittees of local Heart Associations in the various cities. 

L. W. Gorham, Secretary-General 


THe AMERICAN COLLEGE OF CARDIOLOGY, at the second annual meeting in Washington, 
D. C., installed Dr. Robert P. Glover as president and chose Dr. Ashton Graybiel as president- 
elect. Other officers elected for the year 1953-54 were: Dr. David Bruce Dill, Dr. Hubert 
Mann, and Dr. John C. Krantz, Jr., vice-presidents; Dr. Philip Reichert, secretary; Dr. Seymour 
Fiske, treasurer; Dr. Simon Dack, assistant-secretary; Dr. William L. Wheeler, Jr., assistant- 
treasurer; Dr. Irving Brotman, Dr. George W. Calver, and Dr. Joseph P. Harvey, trustees for 


two vears. 


Cue AMERICAN ACADEMY OF FORENIC SCIENCES will hold its sixth annual meeting, Feb. 25, 
26, and 27, 1954, at the Drake Hotel, Chicago, Ill., itles of all papers to be read must be 
submitted to Dr. Milton Helpern, Program Chairman, 106 E. 85th St., New York 28, N. Y., by 
Nov. 1, 1953. 
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